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Abstract 
This thesis is based on 35 natural Emiliania huxleyi DNA samples and corresponding 
water samples from the North Atlantic Ocean, on a stretch between Bermuda and the 
Azores. Water samples were analysed for concentrations of the seven most dominant 
ionic species in seawater; Cl-, Na+, SO42-, Mg2+, Ca2+, K+ and HCO3-, which are also 
the ions that contribute the most to the salinity of solution. Distinction was made 
between practical salinity and absolute salinity, values were obtained for both,  
compared and the importance of differences discussed. pH, temperature and chlorofyll 
content were also measured. Methods used were atomic absorption spectroscopy, ion 
chromatography, titration, pH electrode, Sea-Bird Electronics CTD and ion selective 
electrodes. E. huxleyi strain CCMP371 was cultured at 20 °C, 16/8 - light/dark cycle 
with L1 medium of salinity 25 ‰. E. huxleyi cell numbers were obtained for 13 natural 
samples using qPCR. Qualitative exploration of data showed no obvious connections 
between cell numbers and specific ion concentrations, although indications of some 
connection between pH and cell numbers were observed. Ion selective electrodes were 
not suitable for measuring ion concentrations in seawater due to ion specificity issues. It 
was concluded that the chosen ionic species probably does not alone determine the 
presence of E. huxleyi, many other factors have importance, which could not be included 
in this project. Futher research would have to include all factors or experiments be 
conducted under controlled laboratory conditions.  
 
 
 
 
 
 
 
 
 
!! 3 
Resumé 
Dette speciale tager udgangspunkt i 35 naturlige Emiliania huxleyi DNA prøver med 
korresponderende vandprøver fra Nordatlanten, nærmere bestemt på strækningen 
mellem Bermuda og Azorerne. Vandprøverne blev analyseret for koncentrationer af de 
syv mest dominerende ioner i havvand; Cl-, Na+, SO42-, Mg2+, Ca2+, K+ and HCO3-, 
som samtidig er de ioner der bidrager mest til opløsningens salinitet. Der blev skelnet 
mellem praktisk salinitet og absolut salinitet, værdier blev opnået for begge, 
sammenlignet og betydningen af forskelle diskuteret. pH, temperatur of klorofyl indhold 
blev også målt. Blandt brugte metoder var atomabsorbans spektroskopi, ion 
kromatografi, titrering, pH elektrode, Sea-Bird Electronics CTD og ion selektive 
elektroder. E. huxleyi genvariant CCMP371 blev holdt i kultur ved 20 °C, 16/8 - 
lys/mørke cyklus i L1 medie med salinitet 25 ‰. E. huxleyi celletal blev opnået i 13 
prøver ved hjælpe a qPCR. Kvalitativ undersøgelse af data viste ingen åbenlyse 
forbindelser mellem celletal og specifikke ion koncentrationer, selvom indikationer på en 
mulig sammenhæng mellem pH og celletal blev observeret. Ion selektive elektroder blev 
ikke vurderet brugbare til målinger af ion koncentrationer i havvand på grund af 
problemer med specificiteten. Det blev konkluderet at de udvalgte specifikke ion 
koncentrationer sandsynligvis ikke alene bestemmer tilstedeværelsen af E. huxleyi, men at 
mange andre faktorer har betydning som ikke kunne undersøges i dette projekt. 
Fremtidige eksperimenter vil nødvendigvis skulle inkludere alle faktorer, eller 
eksperimenter bør udføres under kontrollerede laboratorieforhold. 
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ABBREVIATIONS 
 
 
 
AAS:  Atomic Absorption Spectroscopy 
fCO2:  fugacity of CO2 
pCO2:  partial pressure of CO2 
CTAB: cetyltrimethylammonium bromide 
CPHG: Current Protocol of Human Genetics 
DIC:  Dissolved Inorganic Carbon 
dNTP:  deoxyribonucleotide triphosphate 
EST:  Expressed Sequence Tag 
GMO:  Genetically Modified Organism 
GPA:  Ca2+ binding protein in E. huxleyi 
IC:  Ion Chromatography 
ISE:  Ion Selective Electrode 
IUPAC: International Union of Pure and Applied Chemistry  
LULUCF: land use, land-use change and forestry 
NCMA: National Center for Marine Algae and Microbiota 
T:  Titration 
TA:  Total Alkalinity 
TEOS-10:  Thermodynamic Equation of Seawater 10 
qPCR:  quantitative Polymerase Chain Reaction  
PIC:  Particulate Inorganic Carbon 
POC:  Particulate Organic Carbon 
PS1 and PS2: Polysaccharides 1 and 2 
PSS-78: Practical Salinity Scale 78 
RFU:  Relative Fluorescence Unit 
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INTRODUCTION 
 
Atmospheric concentrations of methane (CH4), nitrous oxide (N2O) and carbon dioxide 
(CO2) have increased markedly since 1750 and presently by far exceeded pre-industrial 
values [Alley et al., 2014], which has important implications for for the climate of the 
Earth and ocean chemistry [Bates et al., 2014]. While methane and nitrous oxide comes 
mainly from agriculture, the increasing concentrations of atmospheric carbon dioxide 
are primarily due to the burning of fossile fuels and LULUCF (land use, land-use 
change and forestry) [Alley et al., 2014]. Determined from ice cores the range of natural 
atmospheric carbon dioxide is known to have been 180-300 ppm over the last 650,000 
years, but the concentrations have now increased from around 280 ppm (pre-industrial 
value) to 379 ppm in 2005 [Alley et al., 2014].  
1.0.1 Connecting anthropogenic carbon outlet, ocean pH and Emiliania 
huxleyi 
The marine carbon cycle is the largest active carbon reservoir in the atmosphere-
terrestrial biosphere-ocean system, which has relevance for human societies [Bates et al., 
2014]. Variable physical and biogeochemical processes influence the uptake of 
anthropogenic CO2 from the atmosphere by the world’s oceans and display feedbacks 
that can potentially impact the Earth’s climate system in the future [Bates et al., 2014].  
The rising atmospheric CO2 levels affect the oceans by increasing the concentration of 
dissolved CO2 according to Henry’s law [Bates et al., 2014]. Chemically, ocean 
acidification leads to a strong decrease of the carbonate ion (CO2-3) concentration, a 
slight increase in bicarbonate (HCO3-) concentrations and a strong increase in carbon 
dioxide (CO2 (aq)) and hydrogen ion (H+) concentrations [Bach et al., 2013], see 
carbonate equilibrium below in equation 1.0.1a.  
Equation 1.0.1a:  
 
 
The oceans are presently mildly alkaline with pH values in the surface waters within a 
typical range of 8.1 to 8.2 [Bates et al., 2014]. In comparison, own data showed pH 
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values at 10 m depth in the range of 7.53-8.18 and an average pH at 10 m of 7.95 [own 
data, 2014]. 
It is of great concern how the marine biota will respond to future changes in ocean pH 
and in order predict future scenarios about CO2 emissions, socio-economic drivers of 
CO2 release and evolving adaption strategies, a systematic collection of time-series 
observations which quantify the uncertainties of these physico-biogeochemical feedback 
are necessary [Bates et al., 2014].  
Different possible feedback mechanisms to increasing CO2 concentrations have been 
suggested. Frankignoulle et al. (1994) concludes that increasing atmospheric pCO2 will 
result in positive feedback from marine calcifiers, as only 20 % of the precipitated 
calcium carbonate (CaCO3) will be stored permanently in the sediment [Frankignoulle 
et al., 1994]. Formation of CaCO3 happens from both carbonate (equation 1.0.1b) and 
bicarbonate (equation 1.0.1c), and by setting up two expressions for the buffer factors it 
was concluded (based on extrapolation) that the calcification will eventually give a 
positive feedback to the increasing atmospheric CO2 concentrations and that a doubling 
of pCO2 in the surface water will result in a net CO2 source of approximately 130 
megatonnes of carbon per year in 2030-2050 [Frankignoulle et al., 1994]. 
Equation 1.0.1b: 
 
Equation 1.0.1c: 
 
 
Contrarily, Zondervan et al. (2001) examined the PIC/POC ratio in E. huxleyi and G. 
Oceanica and concluded that calcifyers will respond with a negative feedback to 
increasing atmospheric pCO2, assuming that the overall marine biogenic calcification 
will show responses that are similar to E. huxleyi and G. Oceanica [Zondervan et al., 
2001]. 
 
In general E. huxleyi has received special attention, while it precipitates calcite with an 
eventual result of alkalinity flux to the deep ocean [Irie et al., 2010], see equation 1.0.1c. 
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Also, E. huxleyi is almost world widely distributed [Westbroek et al., 1993][Paasche, 
2002], and during examinations of coccolithophore species it was found to account for 
>60 % of the total coccolithophore assemblage when present [Silva et al., 2013].  
Combining the ecological relevance, the wide distribution with the high level of 
understanding with regards to physiological features and molecular mechanisms, 
compared to other coccolithophores, E. huxleyi was the most obvious choice of model 
organism in this project. 
As this is an integrated thesis between the subjects of chemistry and environmental 
biology is was possible to use chemical analysis on an environmentally relevant issue, 
and the question sought to be answered was as follows. 
1.0.2  Problem statement: 
 
Can a connection be established between the presence of Emiliania huxleyi in the North 
Atlantic and the concentrations of HCO3-, Ca2+ or H+?  
   
It must be kept in mind that the presence of a microscopic calcifying algae is bound to 
depend on many other factors than just the ionic composition of the water. Firstly 
physical parameters such as light, temperature and currents matter, next biological 
factors such as predation, viruses and other inorganic nutrients such as nitrogen and 
phosphate are amongst factors that will undoubtly affect the presence of E. huxleyi. 
Examining this many variables in natural samples during a limited amount of time was 
extensive, which is why focus was kept on certain ionic species which could be measured 
relatively easy and was known to be essential to or have an impact on E. huxleyi; H+, 
Ca2+ and HCO3-. In addition it was decided to explore the two concepts; practical and 
absolute salinity from a chemical perspective, which implied getting aquainted with and 
using a number of methods from analytical chemistry. 
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PROJECT AIM 
 
To summarise, the main aim of the project was to clarify the variation in presence of E. 
huxleyi as a function of a number of parameters. Aside with this, the concept of absolute 
versus practical salinity was explored, which is why measurements were done on some 
ionic species without direct biological relevance. Also, some ions are measured using two 
different methods in order to evaluate methods and validate data. 
Table 2a:  
Overview of the parameters measured in this project, the methods used and the purpose of 
measurements. 
 
Parameter Measured by Purpose 
 
Number of E. huxleyi 
cells/ml 
 
qPCR 
 
Quantitation of E. huxleyi 
 
Sodium ions 
 
Atomic absorption spectroscopy and 
ion chromatography 
 
Used for exploration of the 
concept of salinity  
 
Chloride ions 
 
Ion chromatography 
 
Used for exploration of the 
concept of salinity 
 
Potassium ions 
 
Atomic absorption spectroscopy and 
ion chromatography 
 
Used for exploration of the 
concept of salinity 
 
Calcium ions 
 
Atomic absorption spectroscopy and 
ion chromatography 
 
Essential for E. huxleyi 
 
Magnesium ions 
 
Atomic absorption spectroscopy and 
ion chromatography 
 
Used for exploration of the 
concept of salinity 
 
Sulphate ions 
 
 
Ion chromatography 
 
Used for exploration of the 
concept of salinity 
 
Bicarbonate ions 
 
Titration with hydrochloric acid 
 
Essential for E. huxleyi and used to 
reach valid values for dissolved 
inorganic carbon 
 
pH 
 
pH meter and glass electrode 
 
Effects E. huxleyi and used in 
calculations of dissolved inorganic 
carbon 
 
Conductivity 
 
Electrode 
 
Used for exploration of the 
concept of salinity 
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CHEMICAL BACKGROUND 
 
3.0.1 The overall composition of seawater 
Though there are of course small variations, the overall composition of seawater is 
thought to be relatively constant, table 3.0.1a shows the major ions, their concentrations 
at 35 ‰ salinity and the percentage with which they contribute to total practical salinity 
[Castro & Huber, 2003]. 
Table 3.0.1a:  
The main ions in seawater, their concentration and their percentage attribution to salinity, numbers from 
[Castro & Huber, 2003]. + signifies the values measured and ÷ signifies the values ignored in this project. 
 
 
Ion 
 
Concentration 
(ppm) 
 
 
Percentage of 
total salinity (%) 
 
Measured 
 
Chloride  
 
19345 
 
55.03 
 
+ 
Sodium 10752 30.59 + 
Sulphate 2701 7.59 + 
Magnesium 1295 3.68 + 
Calcium 416 1.18 + 
Potassium 390 1.11 + 
Bicarbonate 145 0.41 + 
Bromide 66 0.19 ÷ 
Borate 27 0.08 ÷ 
Strontium 13 0.04 ÷ 
Fluoride 1 0.003 ÷ 
 
In order to explore the concept of salinity it was decided to focus on the ions, which 
contributes the most to salinity (marked with +) and ignore the rest (marked with ÷) 
along with many other ions, elements and biomolecules not included in this table. 
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3.0.2 Absolute versus practical salinity 
The determination of salinity in seawater was, since 1978, done using the practical 
salinity scale (PSS-78) where salinity values are based on the electrical conductivity of 
the solution, however the values obtained using this scale differs slightly from the 
absolute salinity which is defined as the mass of dissolved solids per unit mass of 
seawater [Millero et al., 2008][Pawlowicz, 2010]. While the absolute salinity is the most 
accurate of the existing salinity concepts, it is practically impossible to measure [Millero 
et al., 2008]. This is why a few measureable variables have been used as standard 
measurements of salinity, e.g. chlorinity and conductivity, but in 1978 PSS-78 was 
introduced, embracing conductivity, and since then chlorinity has been regarded as a 
separate variable when describing salinity [Millero et al., 2008]. The practical salinity 
(S) scale is defined as the ratio (K15) between the electrical conductivity of the seawater 
sample and the electrical conductivity of a potassium chloride solution (or KCl-
normalised seawater) with a mass fraction of  
32.4356 x 10-3 g/kg, both conductivities are measured at a temperature of 14.996 °C 
and a standard atmospheric pressure of 101325 Pa [Millero et al., 2008]. At 14.996 °C 
the ratio (K15) is insensitive to temperature changes, a K15 value of exactly 1 is per 
definition exactly equal to a salinity of 35 ‰ [Millero et al., 2008][Grosso et al., 2010]. 
Conductivity is temperature dependant as temperature affects the mobility of the ions.  
The conductivity based (practical) salinity is the one measured by the Seabird CTD 
equipment onboard R/V Dana.   
Wu et al. (1987) reviewed the measurement of and the standards for aqueous electrolytic 
conductance, using KCl solutions and concluded that a new and updated scale 
including more temperature steps and a larger temperature range was due [Wu et al., 
1987]. Wu & Koch (1991) expanded the temperature scale for conductivity values of 
KCl solutions to include temperatures from 0 – 50 °C with an uncertainty of 0.03 % for 
the overall temperature range. Conductivity for 0.01 demal (0.01000028 M) and 25 °C 
was determined to be 0.0014086 S/cm [Wu & Koch, 1991]. 0.01 demal equals a mass 
fraction of KCl of 0.746558 g/kg solution [Wu et al., 1987], which is around 23 times 
the mass fraction from which the practical salinity scale is defined, see above. 
Gros et al. (2008) explored the absolute salinity of various saline solutions using ion 
chromatography, comparing the concentration of total dissolved solids with the practical 
conductivity based salinity [Gros et al., 2008]. The purpose was to evaluate whether 
!! 15 
absolute salinity could be determined using simple ion chromatography measurements 
of the ion in solution, bicarbonate was not included [Gros et al., 2008]. Results gave a 
pratical salinity value of 34.9 ‰ and an absolute salinity (from total mass fractions of  
ions; F-, Cl-, Br-, NO3-, SO42-, Na+, K+, Mg2+, Ca2+ and Sr2+) of 35.7 ‰ (not including 
HCO3-) for standard seawater [Gros et al., 2008]. 
Since 2008, a new convention for measuring salinity has surfaced, the international 
Thermodynamic Equation of Seawater (TEOS-10). The new approach to salinity is, 
that the thermodynamic properties (e.g. enthalpy and density) are now being expressed 
as functions of the absolute salinity as oppose to functions of the conductivity [teos-
10.org]. TEOS-10 also includes procedures to correct for the geographical variations of 
the composition of seawater [teos-10.org]. Much more information, along with a 200 
page manual, is available at teos-10.org but will not be elaborated much further in this 
project.  
3.1 Total alkalinity, buffer capacity and titration for 
bicarbonate (HCO3-)  
 
Alkalinity describes the ability of water to buffer against the adding of hydrogen ions, 
several anions can act as buffers, besides CO32- and HCO3- also HPO42-, PO43-,  
H3SiO4-, H2BO2-, CH3COO- and OH- [Andersen, 2002]. However for most waters 
(including surface seawaters) pH values are in a range where the latter six ions are not 
relevant and the alkalinity is reduced to the expression in equation 3.1a [Andersen, 
2002], called carbonate alkalinity, which equals the buffer capacity of seawater with 
regards to the carbonate buffer system. 
Equation 3.1a: 
 
 
Determining the content of HCO3- in seawater by titration requires a little care. As it is 
seen from the equilibrium in equation 1.0.1a, the carbonate equilibrium includes 
gaseous CO2 which can influence the equilibrium during titration and result in a 
“flattening” of the titration curve. As illustrated in figure 3.1a below, adding N2(g) to the 
solution either between the two equivalence points or during the entire titration, the 
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effects of changing CO2 concentrations on the equilibrium are eliminated and the 
equivalence point appear more clearly. 
Figure 3.1a:  
Shows the titration curve from titrating seawater with 0.2 M HCl. The second equivalence point is shifted 
upwards, making it easier to detect, by adding N2(g). 
 
 
 
3.2 Ion exchange chromatography 
The basic principle of ion chromatography (IC) is to elute a small volume of sample 
through a stationary phase (separation column or resin), which will separate the ions in 
the sample so that they reach the detector at different times [Haddad & Jackson, 1990]. 
The detection of specific ions then creates a signal band in the chromatogram at specific 
times [Haddad & Jackson, 1990]. Below will be described some general principles but 
with focus on the settings and features of the apparatus used in this project, a Thermo 
Scientific DIONEX ICS-1100. 
3.2.1 Ion-exchange and specificity 
In ion exchange a polymeric organic resin with chemically bound ions (fixed ions) and 
the eluent (either cationic or anionic) together makes the whole exchanger electrically 
neutral, which means the eluents have to have appropriate concentrations [Haddad & 
Jackson, 1990]. The process of ion exchange can be described by equation 3.2.1a below. 
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Equation 3.2.1a: 
 
 
Where,  yAmx-,  is y moles of analyte ions (A) with the charge x, in the mobile phase (m), 
xEry-, is x moles of eluent ions (E) with the charge y, connected to the non-mobile phase 
(resin) [Haddad & Jackson, 1990]. 
The principle is, that exchange between E ions and A ions will happen on the resin of 
fixed ions (M+), and the selectivity coefficient (KA,E), see equation 3.2.1b, provides 
information on the selectivity of the (in this case positively charged) resin towards either 
of the  negative ions [Haddad & Jackson, 1990]. 
Equation 3.2.1b: 
 
 
Consequently a KA,E =1 signifies no selectivity, KA,E >1 signifies selectivity towards the 
A ion and KA,E <1 signifies selectivity towards the E ion. It is noted that while the ion 
activity of the resin can not be determined, KA,E is not a thermodynamically equilibrium 
constant, although when ion activities (a) equals 1, the expression can be simplified to 
the use of actual ion concentrations [Haddad & Jackson, 1990]. 
In general the selectivity coefficients for uptake of cations by a strong acid cation 
exchange resin follow the order [Haddad & Jackson, 1990], with only the relevant parts 
of the range is showed:  
Ca2+>Ni2+>Cd2+>Cu2+>Co2+>Zn2+>Mg2+>>K+>NH4+>Na+>H+>Li+ 
And the selectivity coefficients for uptake of anions by a strong acid anion exchange 
resin follow the order [Haddad & Jackson, 1990], with only the relevant parts of the 
range is showed: SO42->>Cl->HCO3->>OH- 
In bold is the ions measured by ion chromatography in this project. A high selectivity 
coefficient gives a higher retention time, which means that the ions will be detected in 
the inverted order. As an example a list of the cations measured with ion 
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chromatography in this project and their retention times; Na+(5.030 mins), K+(7,427 
mins), Mg2+(11.39 mins) and Ca2+(14.243 mins) 
 
3.2.2 Eluent, resin and detection 
The three primary properties of the eluent are; pH, nature of competing ion and 
concentration of competing ion. In addition elution of the solute is also affected by 
eluent flow-rate and temperature [Haddad & Jackson, 1990]. Prior to sampling it is 
important to do a proper run through of the column resin with the eluent in order to 
ensure that the all exchange sites of the stationary phase is equilibrated with regards to 
the eluent counter-ion [Haddad & Jackson, 1990]. 
The most widely used types of ion-exchangers are synthetic polymeric resins, which 
contains an organic polymer with a functional group acting as the fixed ion in the 
exchange process [Haddad & Jackson, 1990]. These polymers must be mechanically 
stabile and have the degree of insolubility, which is required for use in aqueous systems, 
but have the great advantage that they are tolerant towards eluents and samples with 
extreme pH values [Haddad & Jackson, 1990].  
Conductivity detection is widely usable and has the advantage of being universally 
responsive while all ions are electrically conducting [Haddad & Jackson, 1990]. This of 
course includes the eluent ions, which is why a suppressor-unit is used to enhance the 
detection specificity. The suppressor is inserted between the ion exchange column and 
the detector and releases H3O+ or OH- ions depending on the characteristics of the 
mobile phase in order to reduce the conductance of the eluent and achieve a more 
precise value [Haddad & Jackson, 1990]. 
3.2.3 Chromatographic efficiency 
“Band broadening” in the chromatogram arises from the fact that the analyte molecules 
spread out during the separation process in the column, the degree to which 
components are separated depends on the amount of band broadening and the smaller 
the better [Haddad & Jackson, 1990]. The “Plate Theory” relates band broadening to 
solute migration by considering the column as a series of thin cross-sections (plates), 
each plate allows the solute to equilibrate between the mobile and the stationary phase 
[Haddad & Jackson, 1990]. A high N (number of theoretical plates) is connected with a 
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low standard deviation of the peak and a large retention time (time between loading of 
the sample and detection of the analyte), the higher the number of theoretical plates, the 
higher the efficiency of the chromatograph [Haddad & Jackson, 1990]. 
3.3 Atomic absorption spectroscopy (AAS) 
A given electronic transition is characterised by unique values of frequency (휈), energy 
difference between states (ΔE) and wavelength (λ) and while an element can undergo a 
number of electronic transitions, this gives a number of lines in a spectrum, which are 
characteristic for each element [Van Loon, 1980]. Creating and observing electronic 
transitions is the main idea behind atomic absorption spectroscopy. 
3.3.1 Atomisation process in flames and flame types 
The nebulizer produces mist, which is evaporated when entering the flame and as the 
vapor pressures of the smaller and agglomerated particles becomes significant, they 
vaporise and eventually dissociate into atoms in the hotter regions of the flame [Van 
Loon, 1980]. At ordinary flame temperatures (air-acetylene, 2000-2300 °C) some 
analytes will only fractionally break down, in these cases a high-temperature nitrous 
oxide-acetylene flame (2800-3000 °C) is recommended [Van Loon, 1980]. To the 
contrary, atoms that are easily ionisable may lose one or more electrons when using a 
very hot flame, also ionisation interference can be experienced as other easily ionisable 
elements are present [Van Loon, 1980]. 
3.3.2 Linearity and deviations from linearity between concentration and 
absorbance 
The ability of a specific chemical species to absorb light at a given wavelength is 
described by the molar extinction coefficient (ɛλ), which is a constant and according to 
Lambeert-Beer’s law; 
Equation 3.3.2a: 
   
 
a linear relationship exists between the concentration of a given element and the 
magnitude of the absorption, as long as ɛλ and l (path lenght) are kept constant, and this 
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is brought to use when analysing samples of an unknown concentration. Standard 
solutions of known concentrations are prepared, measured and a standard curve is 
made to which a number of additional samples can be compared. 
Calibration graphs deviating from ideal linearity is a common phenomenon and so is a 
curve that does not pass through zero [Van Loon, 1980]. This problem arising from 
nonspecific absorption for example due to light scattering on solid particles or carbon 
particles from the incomplete burning of acetylene, results in a positive bias [Van Loon, 
1980]. The bias can be reduced by the use of a continuum source of radiation in the 
form of a lamp [Van Loon, 1980]. 
The concentration working range in i AAS is generally 4 to 5 orders of magnitude 
which makes it common to observe a bend towards the concentration axis in the upper 
end of a wide concentration range [Van Loon, 1980], this is illustrated below in figure 
3.3.2a for calcium. 
Figure 3.3.2a:  
Left, shows the standard curve including all seven points. A slight curve is visible in the higher 
concentration regions (A>1), which is why only the lower five calibration points (right) were used. 
 
In this case the range was considered to be too wide and therefore narrowed down by 
two points to obtain a straight calibration line. 
A less frequent non-linear version of a calibration curve is one where the graph curves 
throughout the entire working range [Van Loon, 1980], illustrated below in figure 
3.3.2b for magnesium.  
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Figure 3.3.2b:  
Illustrates the tendency of a calibration line to curve during the entire concentration range. This was true 
for the calibration line for Mg2+ used as example. The red line is inserted to visually show the deviation 
from linearity. 
 
One proposed reason for this phenomenon is that while Lambert Beer’s law is valid for 
monochromatic radiation, the curving may arise from the detection of several lines of 
differing absorption coefficients, due to failure of the monochromator and slit system to 
prevent multiple, close-spaced lines from reaching the detector [Van Loon, 1980]. This 
problem can be minimised by narrowing the slit width [Van Loon, 1980]. 
Regarding the ions of interest, using an air-acetylene flame is sufficient for sodium and 
potassium whereas a high temperature nitrous oxide-acetylene flame is best suited for 
magnesium and calcium, where an increase in stability can be achieved despite a loss of 
sensitivity [Van Loon, 1980].  
3.4 Ion-selective electrodes (ISE) 
It was attempted to measure the concentrations of Cl-, K+, Ca2+ and NH4+ with ion 
selective electrodes on board R/V Dana, however the electrodes did not give consisting 
calibration curves when measuring the prepared standard series. The data from the 
electrodes are not used but a short section serves the purpose of in part explaining the 
challenges of measuring one specific ion in an ion-rich solution, such as seawater, 
without any interference from other ions.  
Ion-selective electrodes are membrane-based potentiometric devices, which can 
accurately measure the activity of selected ions in solution [Meyerhoff & Opdycke, 
1986]. The key component of the ISE is the ion-selective membrane, which is 
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permselective towards certain ions [Meyerhoff & Opdycke, 1986]. Regardless of the 
type of membrane, the same equations apply and since no electrode potential can be 
evaluated independently a reference electrode is required [Meyerhoff & Opdycke, 
1986]. 
3.4.1 Selectivity 
Selectivity towards the ion of interest is one of the more important characteristics of the 
ISE, the response of the ISE is altered by interfering ions in a manner which is 
dependant on the activity of the interferant [Macca, 2003]. Quantification of this 
interference has been a methological concern since research on ISEs began and in 1972 
requirements for selectivity ratios or selectivity coefficients considered a nescessity 
[Macca, 2003]. International Union of Pure and Applied Chemistry (IUPAC) 
repeatedly issued ”Recommendation and Technical Support” since 1976 but according 
to Macca (2003), the recommendations set out by IUPAC was not, in 2003, satisfactory 
and did not include new achievements in the research [Macca, 2003]. The problems of 
experimental determination of low selectivity coefficients for ISEs are still discussed in 
the scientific literature exemplified by Improved Separate Solution Method for Determination of 
Low Selectivity Coefficients by Egorov et al. (2014) and the responding article Evaluation of 
Egorov’s Improved Separate Solution Method for Determination of Low Selectivity Coefficients by 
Numerical Simulation by Bakker (2014). !
According to the technical report from IUPAC in 2000, referred to as [Umezawa et al., 
2000] the potentiometric selectivity coefficient is expressed according to the Nicolsky-
Eisenman equation as: 
Equation 3.4.1a: 
 
where E is the measured potential, E0 is the standard reference electrode potential, zA 
and zB are the charge numbers for the primary ion A and the interfering ion B, aA and 
aB are the activities of the primary ion A and the interfering ion B, R is the gas constant, 
T is the temperature, F is the Faraday constant and Kpot(A,B) is the potentiometric 
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selectivity constant for the primary ion against the interfering ion [Umezawa et al., 
2000]. If Kpot(A,B) turns out to be larger than 1, it means that the ISE responds more 
selectively towards the interfering ions than it does towards the primary ions. A Kpot(A,B) 
below 1 has the opposite meaning [Umezawa et al., 2000].   
Most methods for experimentally determining Kpot(A,B) are based on the Nicolsky-
Eisenman equation despite that it is not considered to correctly describe responses in the 
activity range where ions of different charge affect the potential [Umezawa et al., 2000]. 
Hence, for mixed solutions IUPAC recommends using Matched potential method, as it is 
independent from the Nicolsky-Eisenman equation [Umezawa et al., 2000]. But Egorov 
et al. (2014) criticises this method based on experiments showing that the Kpot(A,B) values 
from the Matched potential method strongly depend on the determination conditions and 
are not constant values as desired [Egorov et al., 2014].  
3.5 pH measurement 
The most common pH electrode is an ion selective glass electrode, selective towards H+ 
ions. The glass membrane of the electrode is an irregular network of SiO4 tetrahedra 
connected through oxygen atoms with cations (Na+) coordinated to the oxygen atoms 
[Harris, 2010]. Both the inner and the outer surface of the membrane is covered by a 
hydrated gel layer in which the exchange sites are occupied by both H+ and Na+, and 
while the inner pH is fixed, the difference in pH between the inside and the outside of 
the electrode will result in a difference in the electrical potential [Harris, 2010]. 
The pH electrode is specific towards H+ as this is the only cation that binds significantly 
to the hydrated gel layer [Harris, 2010]. Calibration of the pH electrodes should be 
done using at least two points [Harris, 2010][Buck et al., 2002] although a one point 
calibration can be satisfactory for some applications, as the difference between a 
theoretical and the practical slope (up to 5 %) decreases when the difference between 
measured pH values are low [Buck et al., 2002], in this case the 
measurements of a number of solutions with small intervariations in pH. 
Measuring pH are subject to a number of errors including; Quality of standard 
solutions, junction potential and junction potential drift, sodium error, acid error, 
equilibration time, hydration of glass, temperature [Buck et al., 2002]. 
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BIOLOGICAL BACKGROUND !
4.1 Emiliania huxleyi 
The Emiliania huxleyi cell is covered with a number of ovale scales made of calcite with a 
complex structure, called coccoliths [Westbroek et al., 1989]. 
E. huxleyi has existed through the two latest glacial-interglacial cycles, became dominant 
in coccolith assemblages roughly 70.000 years ago and is presently the most important 
coccolithophorid in the oceans, numerically speaking [Paasche, 2002]. Both it’s origin 
and development towards a dominant existence happened during periods of low 
atmospheric CO2 and E. huxleyi is considered a pioneer species compared to other 
coccolithophorids [Paasche, 2002]. Though small in size, between 5 and 10 µm in 
diameter it is capable of forming blooms that can easily be observed by satellite imagery 
[Westbroek et al., 1993]. Figure 4.1a shows an electron microscopy photograph of an E. 
huxleyi specimen collected between Bermuda and The Azores between the 9th and the 
19th of April, kindly provided by Helge Abildhauge Thomsen who was also on the 
research cruise.  
Figure 4.1a:  
Electron microscope photo of an E. huxleyi cell and coccoliths, from the area of interest, photo kindly 
provided by Helge Abildhauge Thomsen. Right; the phylogenic position of the E. huxleyi species. 
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4.1.1 Distribution and physiology 
E. huxleyi is present in waters with temperatures ranging from 2°C to 28°C [Westbroek 
et al., 1993], in any ocean apart from the Arctic and the Antarctic [Paasche, 2002].  
Three known cell types exist in the life cycle of E. huxleyi; the coccolith forming C-cell, 
the naked (non-calcifying) N-cell and the motile scale-bearing S-cell [Westbroek et al., 
1993]. The C-cell is covered by one or multiple layers of coccoliths; 2-4 µm in size and 
consisting of calcite and macromolevular organic material [Westbroek et al., 1993]. 
While C-cells and N-cells are morphologically similar, the S-cells possess cilia and are 
covered with organic scales [Westbroek et al., 1993]. N-cells and S-cells appear 
regularly in cultures of C-cells and can be kept isolated in pure cultures for years 
[Westbroek et al., 1993].  
C-cells and S-cells have differing ploidy levels as the C-cells are diploid and the S-cells 
are representing the relative haploid state [Harris, 1996][Medlin et al., 1996]. This 
difference in ploidy levels suggest that E. huxleyi cells may act as gametes [Harris, 1996]. 
Figure 4.1.1a below shows the three cell types as well as a detailed illustration of the 
structure and coccolith formation of the C-cell [Paasche, 2002]. 
 
Figure 4.1.1a:  
Left; schematic drawing of the inside of E. huxleyi with focus on the coccolith vesicle. Middle; illustration of 
the stepwise formation of the coccolith. (B): formation of baseplate. (C):  protococcolith ring is visible 
along with a reticular body (rb). (D): Coccolith growth and enlargement of the reticular body. (E): 
Completion of coccolith, the reticular body removed. Right; the three known cell types of E. huxleyi, their 
names and ploidy levels. Figures from [Paasche, 2002]. 
 
 
 
!! 26 
4.1.2 Uptake and distribution of calcium 
Calcium accumulation in E. huxleyi, is known to be conducted by two polysaccharides; 
PS1 and PS2 and the primary structure of PS2 have been determined [Paasche, 2002]. 
PS2 is extremely acidic and known to be able to bind more calcium ions than any other 
polysaccharide or protein known, PS1 and PS2 form aggregates with calcium which are 
thought to act as calcium transporters within the Golgi system [Paasche, 2002]. Cortjens 
et al. (1998) revealed a gene coding for a specific protein named GPA by DNA 
methodology, it is highly acidic due to a high content of glutamic and aspartic acids and 
able to bind calcium ions [Paasche, 2002]. GPA is thought to be involved in 
calcification, by regulating nucleation and growth of crystals or by facilitating the 
transport of calcium ions into the coccolith vesicle [Cortjens et al., 1998]. Though the 
GPA gene is highly expressed in both the calcifying and the non-calcifying cell types 
[von Dassow et al., 2006]. 
4.1.3 Coccolith formation and dissolution 
The coccolith formation hypothesis was first described by Westbroek et al. (1989). The 
basic idea was, that in order to facilitate the synthesis of the organised calcite formations 
in E. huxleyi, a template with the right shape had to exist [Westbroek et al., 1989]. Figure 
4.1.1a above from Paasche (2002) shows this process in a stepwise manner from the top 
and down. The coccoliths are formed inside the cell in the coccolith vesicle (a separate 
compartment) and probably one at a time [Paasche, 2002]. The coccolith vesicle is 
positioned close to the nuclear membrane, has the same curvature and on the other side 
of the vesicle is the reticular body [Paasche, 2002]. Both the coccolith vesicle and the 
reticular body are present in N-cells, though somewhat deformed and not as closely 
associated with the nucleus [Paasche, 2002]. Crystal formation is initiated on the 
baseplate, which is shown in the top of figure 4.1.1a  (B), middle. Though the baseplate 
has not been isolated and analysed chemically, cytochemistry and electron microscopy 
shows that it contains polysaccharide and possibly protein [Paasche, 2002]. The 
formation of a single coccolith has been observed to happen within one hour at room 
temperature in the light of a microscope [Paasche, 2002].  
The before mentioned coccolith polysaccharide forms a skin around the crystals in each 
coccolith which may serve to protect the coccolith from dissolving as calcite is relatively 
soluble in seawater and in locally acidified microenvironments [Paasche, 2002]. 
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Hassenkam et al. (2014) compared modern and fossil coccoliths with inorganic calcite 
and the ability to resist dissolution in artificial and calcium-free seawater [Hassenkam et 
al., 2014]. Both types of biogenic calcite coccoliths were more stable than the inorganic 
calcite and did not dissolve at pH > 8, in contrast all dissolved at pH < 7.8, which might 
be considered worrying as the global ocean pH is predicted to fall below 7.8 by the year 
2100 as a response to the rising CO2 levels [Hassenkam et al., 2014].   
4.1.4 Genetic diversity 
Apart from the before mentioned difference in ploidy levels (and hence difference in 
actual amount of genetic material) amongst cell types of E. huxleyi, genetic diversity 
within the species has been documented which may partly explain the extensive 
prevalence of E. huxleyi [Medlin et al., 1996]. Iglesias-Rodriguez et al. (2006) determined 
the genotypes of 85 isolates of E. huxleyi of different geographical origin by PCR 
amplification, estimated the genetic diversity by microsatellite analysis and proposed 
that E. huxleyi bloom populations consists of a big array of coexisting clones, which 
enables the population to adapt to changing environmental conditions [Iglesias-
Rodriguez et al., 2006].  
Microsatellites are repeating sequences of 2-5 base pairs of DNA, and it may be noted 
that while the indication of high intraspecies genetic variation has been of some concern 
regarding this project, difference in composition of and in the number of microsatellites 
between strains of E. huxleyi can exist, while the EST (expressed sequence tag) sequence 
on which the primer-design is based, might still be sufficiently uniform on a global basis.  
Examining conservative parts of the E. huxleyi genome in selected strains from all major 
oceans, Medlin et al. (1996) did not find any interstrain differences in DNA sequences 
coding for either 18S or 16S ribosomal RNA or in the Rubisco rbcL-rbs-S spacer region 
[Medlin et al., 1996]. Furthermore, three EST’s from different geographic origins and 
morphotypes (including strain CCMP371) had an average sequence identity between 
them, which was close to 100 % [von Dassow et al., 2006]. 
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4.1.5 Possible responses of E. huxleyi to various future environmental 
changes  
While E. huxleyi has been considered a key species in environmental context for some 
time, numerous experiments have been done in order to predict the impact of climate 
changes on E. huxleyi.  
4.1.5.1 Calcification: 
Irie et al. (2010) suggests that ocean acidification will gradually increase calcification rate 
in coccolithophores, based on a theoretical model [Irie et al., 2010]. The model is build 
upon the chain of reasoning that having a thicker coccolith layer is an adaptive trait 
when seawater is oversaturated with CaCO3 if; the harmful effects of higher calcification 
costs, faster exoskeletal dissolution and/or increased defensible mortality risk outweigh 
the beneficial effect by accelerated photosynthesis [Irie et al., 2010]. Point being that the 
mentioned harmful effects can be limited by increased calcification which in turn will 
slow down photosynthesis, if heavier calcification can result in a better balance under 
acidic conditions, it will be a favourable trait [Irie et al., 2010].  
The predictions of this model contradict the majority of findings in examination of 
future effects of ocean acidification on coccolithophorids, as reduced calcification in 
marine plankton by lowered pH has been reported in studies [Van de Waal et al., 
2013][Riebesell et al., 2000][Bach et al., 2013], while Delille et al. (2005) reports a delay 
in the onset of calcification. Iglesias-Rodriguez et al. (2008) demonstrated increasing 
calcification and net primary production as a response to elevated CO2 levels. 
4.1.5.2 Changing pCO2: 
Richier er al. (2011) subjected batch cultures of E. huxleyi to increasing pressures of CO2, 
while examining the expression of some functional gene classes. Amongst; Carbonic 
anhydrases, CAC (gene coding for the Ca2+ ion channel), the calcium binding protein 
GPA and a number of Cl-/HCO3- exchangers, the study concluded that only carbonic 
anhydrase transcripts showed a significant down-regulation [Richier et al., 2011]. 
Rokitta & Rost (2012) examined the difference in response, including growth rates and 
cellular quotas and production rates of C and N, between the diploid and the haploid 
life stages of E. huxleyi towards two different pCO2 levels (present-day and elevated) 
while also varying light intensity [Rokitta & Rost, 2012]. The study found that the 
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diploid stage responded to elevated CO2 by an energyshift from production of 
particulate inorganic C towards organic C, and more so under low light conditions 
while the haploid stage maintained elemental composition and production rates 
[Rokitta & Rost, 2012]. This suggest that elevated pCO2 followed by ocean acidification 
might affect the interplay between energy-creating processes and processes that requires 
energy [Rokitta & Rost, 2012]. 
By Hoppe et al. (2011) closed and open total TA (total alkalinity) and DIC (dissolved 
inorganic carbon) manipulation methods were compared with respect to E. huxleyi’s 
CO2 dependence in growth rate, POC (particulate organic carbon) and PIC (particulate 
inorganic carbon) distribution and it was found that while difference in carbonate 
chemistry between TA and DIC manipulations showed no differences in response 
patterns, the two strains of E. huxleyi examined showed different sensitivities towards the 
acidification with regards to growth rate and PIC production [Hoppe et al., 2011]. 
In an experiment conducted by Langer et al. (2009), four strains of E. huxleyi showed a 
non-uniform response in growth rate, PIC and POC production towards varying CO2 
levels in the range 200 μatm - 1200 μatm. The difference in sensitivity was concluded to 
have a genetic basis [Langer et al., 2009]. 
When E. huxleyi was cultured in a range of CO2 levels, both under nutrient replete and 
nitrogen limiting conditions, an increase in POC and decrease in calcification was 
observed as a function of incresing CO2 [Müller et al., 2012]. Also, enhancement in 
POC was accompanied by increase in cell diameter and coccolith volume was variable 
with aquatic CO2 but it was an overall conclusion that this sensitivity was small 
compared to to the sensitivity towards N limitation [Müller et al., 2012]. 
4.1.5.3 pCO2 combined with varying irradiance: 
When culturing E. huxleyi strain CCMP371 under high and low irradiance, at two 
different temperatures combined with two different pCO2 conditions it was found that 
growth rate accelerated at high temperature combined with low irradiance [Feng et al., 
2008]. Photosynthesis proved to be promoted by increases in both temperature and 
pCO2, at both irradiances and higher cellular C/P ratios was observed at higher CO2 
combined with higher irradiances [Feng et al., 2008]. Cellular PIC and PIC/POC ratio 
greatly decreased by elevated irradiance and further decreased by rising CO2 at high 
light, which might indicate a combined effect of CO2 and light on calcification [Feng et 
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al., 2008]. Future trends of CO2 enrichment, sea-surface warming and exposure to 
higher mean irradiances from intensified stratification was concluded to largely affect 
the growth of E. huxleyi and also potentially the PIC/POC ratio [Feng et al., 2008]. 
4.1.5.4 pH homeostasis and known effects of changes in pH: 
During the calcification process, which uses bicarbonate, equimolar amounts of H+ is 
generated, which need to be removed to avoid cytoplasmic acidification. It was shown 
that the coccolithophore H+ conductance conveys a rapid efflux of H+ and thereby 
plays an important part in maintaining pH homeostasis in calcifying cells [Taylor et al., 
2011]. As this conductance is dependant on the trans-membrane H+ electrochemical 
gradient the mechanism will be affected by, or need to adapt to future ocean 
acidification [Taylor et al., 2011]. 
I two experiments, one with constant alkalinity and varying fugacity of CO2 (fCO2), and 
one with constant pH and varying fCO2. I was shown that at constant alkalinity, 
growth, calcification and organic carbon production had optima at lower fCO2 values 
[Bach et al., 2011]. At constant pH, growth and organic carbon production increased at 
first but then started to diverge at higher fCO2 levels and at high fCO2 growth rates. 
Organic carbon production decreased steadily with declining pH at constant alkalinity, 
but remained consistently higher at constant pH [Bach et al., 2011]. pH dependence 
was also indicated for calcification rates at high fCO2 [Bach et al., 2011]. 
 
Although a large number of possible effects of future climate change on E. huxleyi have 
been demonstrated in laboratory experiments it is important to keep in mind that 
modelling reality under controlled conditions can never be done with 100% similarity. 
The following examples of attempted predictions on E. huxleyi’s ability to adapt over 
longer periods of time are no exception, though following up through many generations 
is bound to result in a more reliable picture of the evolution mechanisms in play.  
4.1.5.5 Adjustment to environmental change: 
Adaption of E. huxleyi towards climate change, was examined in two 500-generation 
selection experiments by Lohbeck et al. (2012). Populations exposed to higher CO2 
values exhibited higher growth rates when tested under acidification conditions 
compared to the control group [Lohbeck et al., 2012]. Also, although calcification rates 
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were lowered in all cultures, it was up to 50 % higher in the adapted cultures compared 
with non-adapted [Lohbeck et al., 2012]. Adaption was assessed during experiments 
involving comparing the response of high CO2 - adapted cultures with the response of 
ambient CO2 - adapted cultures, to increasing CO2 conditions [Lohbeck et al., 2012].. 
Schlüter et al. (2014) have also done long-term work on assessing the ability of E. huxleyi 
to adapt to the future changes in ocean temperature and acidification [Schlüter et al., 
2014], but the paper was not accessible free of charge why conclusions could not be 
included in a satisfactory manner. 
4.2 DNA extraction 
The extraction of DNA from ready cells (not incorporated in plant fiber structure) can 
be put into three main steps; cell lysis to break cells open and release DNA, separation 
of DNA from proteins, lipids and other cell components and last isolation of the DNA. 
During cell lysis on wishes to maintain or mimic the internal conditions of the cell in 
order to preserve the structure of the target DNA, therefore salts are used to regulate 
acidity and osmolarity while detergents are used to break up the membrane structure. 
Subsequent to cell lysis, extraction begins, and according to the Current Protocol of 
Human Genetics (2001) phenol extraction and ethanol precipitation are used to isolate 
DNA from biological sources, to concentrate DNA samples and to change from one 
solvent system to another routinely [CPHG, 2001]. While phenol denatures proteins 
and removes solutes it does so more completely in the presence of chloroform, 
chloroform also improves yield by reducing the amount of aqueous phase retained by 
phenol [CPHG, 2001]. The use of isoamyl alcohol can enhance the separation of 
organic and aqueous phases and reduce foaming during the extraction proces [CPHG, 
2001]. Ethanol is used to concentrate (precipitate) DNA, remove organic solvent and to 
desalt DNA, as most salts except sodium chloride are soluble in 70 % ethanol [CPHG, 
2001]. Last the DNA pellet is resuspended in water or a buffer of low ionic strength for 
storage [CPHG, 2001].  
Turkec et al. (2015) compared the efficiency of different extraction methods in order to 
monitor GMO’s (Genetically Modified Organisms) in food by real-time PCR and 
concluded that the CTAB (cetyltrimethylammonium bromide) method amongst others 
gave the highest DNA yield [Turkec et al., 2015]. An internetsearch on the CTAB 
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method will reveal that it comes in different variants according to the material on which 
the extraction is done. In this project a CTAB based version is used (with minor 
adjustments), which has proved succesfull on other marine organisms in the laboratory 
of Niels Daugbjerg. The method includes the use of chloroform and isoamyl alcohol, 
not phenol. Espinosa et al. (2015) reports of a PCR success rate of 95.83 % for a 
CTAB/phenol:chloroform:isoamyl alcohol method [Espinosa et al., 2015]. Extractions 
using a version of the CTAB method have been performed by others on marine 
organisms, including E. huxleyi [Zhu et al., 2005][Medlin et al., 1996] and is mentioned 
amongst extraction methods several times in a minireview done by Wilson (1997). 
4.3 Quantitative Polymerase Chain Reaction 
4.3.1 Basic concepts of regular PCR 
As the name implies, qPCR builds on the principle of regular PCR, developed by Kary 
Banks Mullis in 1983. Basically, a small amount of DNA (even just a single copy of a 
gene) can be amplified by heating/cooling cycles in the present of a suitable and specific 
primer, a heat tolerant DNA polymerase and sufficient amounts of the four 
deoxyribonucleotide triphosphates (dNTP) [Griffiths et al., 2012]. Heating the DNA 
double string results in denaturation and splitting into two single strands, cooling the 
single strands allows the specific primers to anneal to the strands and when reheating, 
the polymerase replicates the single strand from the part of the sequence where the 
primer is attached [Griffiths et al., 2012]. Each of the following heating/cooling cycles 
doubles the amount of DNA resulting in an exponential amplification of the DNA 
[Griffiths et al., 2012].  
4.3.2 Quantitative PCR 
As the PCR reaction generates copies of the DNA template exponentially, a quantitative 
relationship exists between the amount of accumulated PCR product per cycle and the 
starting amount of the target sequence [Arya et al., 2005]. As the PCR reaction 
eventually stops working at an exponential rate due to either inhibitors of the reaction 
found within the template, reagent limitation or accumulation of pyrophosphate 
molecules, it is only possible to extrapolate back and determine the starting quantity of 
the template during the exponential phase [Arya et al., 2005]. In real-time quantitative 
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PCR it is possible to measure PCR products as they accumulate in real time using 
fluorescent dyes such as SYBR Green 1 or various kinds of probes, which adds an extra 
element of specificity [Arya et al., 2005].  
In figure 4.3.2a is shown a typical real-time qPCR curve, and the basic concepts will be 
explained in short below. The information drawn from figure 4.3.2a will be explained in 
detail in the results section. 
Figure 4.3.2a:  
Illustrative screenshot from preliminary primer test. The Ct value is the signature of the starting 
concentration, which is then compared with the standard curve in order to obtain specific cell numbers. 
RFU is the relative fluorescence unit, Eh + Eh is short for E. huxleyi DNA with E. huxleyi primer, P + P for 
Prymnesium DNA with Prymnesium primer and P + Eh is short for Prymnesium DNA with E. huxleyi 
primer [own picture]. 
 
 
 
The baseline is defined and set along those PCR cycles where a fluorescent signal is 
accumulating but it is below the detection limit of the instrument [Arya et al., 2005]. 
The parameter RFU (relative fluorescence unit) is calculated as the difference between 
the fluorescence emission of the PCR product and the fluorescence emission of the 
baseline [Arya et al., 2005]. 
The threshold level is arbitrarily set by the computer based on the variability of the 
baseline, in more detail it is calculated as ten times the standard deviation of the average 
baseline signal between cycles 3 to 15 [Arya et al., 2005]. In some cases it can be 
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necessary to manually set the threshold level in such manner that it is within the region 
of exponential amplification for all plots [Arya et al., 2005]. 
The Ct value is defined as the fractional PCR cycle number where the fluorescence 
from the PCR product is greater than the minimal detection level, the threshold level 
[Arya et al., 2005]. The more template present at the beginning, the fewer cycles will be 
required before a fluorescent level is reached, which is statistically significant above the 
background level [Arya et al., 2005].  
4.3.3 The standard curve 
Standard-curve quantitation is simple in theory; the procedure involves the making of a 
dilution series with 6 replicates for each concentration, 3 replicates for manual counting 
and 3 replicates for extraction and qPCR. The log value of the initial number of 
templates (number of counted cells in replicate) versus the Ct value of the corresponding 
replicate in the qPCR series, results in a straight line which is then used to translate 
between the Ct values of the unknown samples and their actual cell concentration [Arya 
et al., 2005].  
4.3.4 DNA binding dyes versus specific probes 
The fluorescent signal that indicates the real-time formation of the qPCR product can 
be achieved in a few ways. SYBR Green I is a nonsequence-specific intercalating agent 
which only binds to double stranded DNA [Arya et al., 2005]. SYBR Green 1 has little 
fluorescence when unbound and an increase occurs during polymerisation [Arya et al., 
2005]. This technique comes with both advantages and disadvantages. On the positive 
side it is cheap and can be used together with any pair of primers on any kind of target 
while it binds to any kind of double stranded DNA 
[Arya et al., 2005]. The latter is also the greatest 
disadvantage of this dyeing technique, as specificity 
of the assay is lowered by amplification of 
nonspecific PCR products and primer-dimers [Arya 
et al., 2005]. However, this uncertainty can be 
minimised by generating and comparing melting 
curves (fluorescence as a function of temperature), a 
characteristic melting peak will show for the wanted 
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amplicon at a certain Tm (melting temperature) and the amplification artifacts will show 
at lower Tm values and have broader and less characteristic peaks. The software can 
then be set to only acquire fluorescence above the Tm of the artifacts but below the Tm 
of the amplicon [Arya et al., 2005]. 
4.3.5 PCR inhibition 
Inhibiting factors on PCR amplification of nucleic acids can have many origins and act 
during one or more of the three following reaction points; interference with cell lysis 
during extraction of DNA, nucleic acid degradation or capture/inhibition of the 
polymerase activity [Wilson, 1997]. Many inhibitors have been reported but in an 
environmental perspective phenols, humic acids and heavy metals are amongst some 
known inhibitors [Wilson, 1997][Schrader et al., 2010]. Also, calcium ions, bile salts, 
urea, ethanol, polysaccharides, sodium dodecyl sulphate (SDS), tannic acid, melanin 
and various proteins can have inhibitory effects on the PCR reaction [Schrader et al., 
2010]. In the aspect of reaction conditions having an inhibitory effect, the primary 
factors are; inappropiate primers, time and temperature conditions, variable polymerase 
quality and incorrect Mg2+ concentration [Wilson, 1997]. Contamination of target 
DNA can naturally also be a source of inhibitory factors, either endogenous (e.g. 
sample, enzymes and tubes) or exogenous (e.g. bacteria, dust, pollen) [Wilson, 1997].  
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METHODS 
 
5.1 Sampling 
Sampling was done at 13 positions while travelling from the Sargasso Sea and across the 
Atlantic Ocean (see appendix III and figure 5.1a) with at Sea-Bird Electronics CTD 
sampler. The main part of the samples was done in three depths; surface (10 m), 
fluorescence maximum (FM, 115-150 m) and below the fluorescence maximum (150 m 
or 200 m). Due to practical reasons some stations were sampled in two depths (10 m and 
FM). For all depths a subset of 4 samples were made; DNA samples, general water 
sample for chemical analysis, water sample for HCO3- measurements and lugol samples. 
I addition an attempt to culture Emiliania huxleyi was done at stations 60, 62 and 63 by 
diluting (10-1, 10-2, 10-3, 10-4, 10-5, 10-6) water from FM in 0.2 µm filtered nutrient rich 
water from 400 m, but without success. 
Figure 5.1a:  
Overview of stations sampled [own picture created with Google Earth]. 
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5.1.1 DNA sampling 
The content of 1 L of seawater was filtered onto a 1.2 µm cellulose nitrate membrane 
filter with a diameter of 50 mm (pressure applied around -5 kPa). The filter was handled 
with great care using tweezers and gloves to prevent contamination. The sample was 
folded, wrapped in alufoil, isolated in a small plastic bag and stored at -80 °C. 
5.1.2 General water sample 
Around 2 L of seawater was filtered through a 1.2 µm cellulose nitrate membrane filter 
with a diameter of 50 mm (pressure applied around -80 kPa applied) and stored at  
-18°C. 
5.1.3 Water sample for HCO3- 
Around 500 ml of seawater was handled carefully to minimise gas exchange and filtered 
through a 1.2 µm cellulose nitrate membrane filter with a diameter of 50 mm (pressure 
applied around -5 kPa applied). pH was measured and adjusted upwards (to around or 
above 9.5) with NaOH to make sure it was above the first equivalence point of HCO3-. 
In addition to the filtering, the samples were stored at -18 °C to avoid change in the 
bicarbonate equilibrium by bacterial activity. 
5.1.4 Lugol samples 
Around 120 ml of seawater was filtered through a 20 µm filter and 25 drops of alkaline 
lugol (14 g KI + 7g I2 + 7g CH3COONa in 100 ml deionised water) was added to fixate 
biological activities. The samples were stored at 5 °C. 
Figure 5.1.4a:  
Left: the Sea-Bird Electronics CTD sampler. Right: installation of equipment onboard R/V Dana. 
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5.2 pH measurements 
Measurements were done on board using a conventional H+ specific glass electrode and 
a PHM 92 LAB pH METER. The electrode was stored in deionised water to keep it 
hydrated and prior to every use, on point calibration was done with a carbonate 
standard solution, of pH=10, from Radiometer Analytical. Equilibration during 
measurements were allowed for at least 30 seconds and until the radiometer showed a 
high degree of stability. 
5.3 Titration for HCO3- 
50 ml of the pH-adjusted sample was titrated with 0.02 M HCl (using an automatic 
pump) to obtain the concentration of bicarbonate. During the entire titration N2 gas was 
bubbled through the sample in order to remove CO2. Calibration of the pump volume 
was done once or twice for every three samples measured. Calibration implied titrating 
1 ml 0.1 M NaOH with work solution of HCl, resulting volume of 0.02 M HCl used 
should then be 5 ml, and minor adjustments were done in the volume parameter, if a 
deviation was detected. The difference in HCl molar amount added between the two 
observed equivalence points equals the molar amount of HCO3- in sample. 
5.4 Determination of Na+, K+, Ca2+ and Mg2+ by atomic 
absorption spectroscopy 
 
A stock solution of volume 1 L was prepared from; 32.60 mg NaCl (M=68.50 g/mol), 
3912.50 mg MgCl2 • 6H2O (M=203.30 g/mol), 438.50 mg Ca(OH)2 (M=74 g/mol) and 
36.10 mg KNO3 (M=101.10). Heating and adding a small amount (1.005 ml) 
concentrated HCl was needed in order to dissolve all solids. 
Standard solutions (1, 2, 3, 4, 5, 6, 7), was prepared from the stock solution by dilution 
(see specific concentrations and absorbance values below in table 5.4a below, and 
standard calibration graphs in appendix I). During measurements of calcium a lamp was 
utilised. 
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Table 5.4a:  
Standard concentration values and absorbances used in atomic absorption spectroscopy. 
 
 
[Na+] 
ppm 
 
A 
 
[Mg2+] 
ppm 
 
A 
 
[Ca2+] 
ppm 
 
A 
 
[K+] 
ppm 
 
A 
 
Std 1 0.436 0.163 18.607 0.056 9.433 0.155 0.556 0.131 
Std 2 0.871 0.289 37.214 0.085 18.866 0.319 1.111 0.265 
Std 3 1.307 0.413 55.821 0.106 28.300 0.489 1.667 0.385 
Std 4 1.742 0.538 74.428 0.124 37.733 0.649 2.222 0.515 
Std 5 2.178 0.668 93.035 0.141 47.166 0.802 2.778 0.644 
Std 6 3.266 0.944 139.553 0.171 70.749 1.140 4.166 0.950 
Std 7 4.355 1.207 186.071 0.194 94.332 1.424 5.555 1.255 
 
Standard curve calibrations were done prior to each series of measurements. All natural 
samples were diluted before analysis to achieve concentrations within the range of the 
standard curve. Samples for sodium analysis were diluted 5000 times, samples for 
calcium and magnesium analysis were diluted 10 times and samples for potassium 
analysis were diluted 120 times, see figure 5.4a. 
Figure 5.4a:  
Dilution of natural samples prior to AAS measurements. 
 
 
All 35 samples were measured in continued sequence, without washing of the probe or 
calibration in between. Trials were done with in-between washing and calibration 
during the 35 sample sequence in the case of sodium to check if error was induced. The 
percentage deviation between the modes of measurements were 2 % or less in all cases 
and it was decided to do sequential measurements. The AAS analysis of the water 
samples was done on a PERKIN ELMER 3300 connected with a PERKIN ELMER 
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AS-90/AS-91 Controller. The flame was acetylene and air with a flow of 2 and 10 
L/min respectively. Concentration values are found in appendix II. 
5.5 Determination of Na+, K+, Ca2+, Mg2+, Cl- and SO43- by ion 
chromatography !
Analysis was done on a Thermo Scientific DIONEX ICS-1100 using eluents; 
 
Cation eluent: 40 ml 1M H2SO4 and water up to 2 L 
Anion eluent:  32 ml 0.5M Na2CO3 
   + 4 ml 0.5M NaHCO3 
   + water up to 2L 
 
Prior to analysis the natural samples were diluted as follows: 15 μl sample in 985 μl 
deionised water. Along with the natural samples was added a sample containing 985 μl 
of the deionised water in order to determine if unintentional background ion 
concentrations were present. Calibration of the baseline was done for at least 30 minutes 
before analysis to ensure equilibration between the eluents and the resin. 
5.6 Preparations for qPCR !
As described a standard curve based on cell counts is essential in qPCR when a precise 
cell number is desired.  
5.6.1 Culturing of E. huxleyi cells 
In order to use cells which would be the best possible match to the cells in the natural 
samples, a coccolith producing and axenic starting-culture of CCMP371 (other strain 
name 12-1), collected in the Sargasso Sea (32°N 62°W) was ordered from The National 
Center for Marine Algae and Microbiota (NCMA). It was kept at 20 °C with and 16/8 
hour light/dark cycle in homemade and autoclaved L1 media, see appendix III for 
prescription. Re-culturing was done 1-2 times a week, meaning a small amount of 
culture was transferred into new flasks and given around 10 times the volume media. It 
was experienced that E. huxleyi was easy to culture and grew rapidly, see figure 5.6.2a.   
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5.6.2 Preparation of standard curve 
When the cell density of the culture had reached around 300000 cells per ml, two 
dilution series with triplicates were made; one for counting and one for DNA extraction. 
To stop cell division 120 µL lugol was added to the samples meant for counting. The 
DNA replicates meant for qPCR were filtered onto onto a 1.2 µm cellulose nitrate 
membrane filter with a diameter of 50 mm (using a hand pump). The filters were 
handled with care using tweezers and gloves to prevent contamination. The sampled 
was folded, wrapped in alufoil, isolated in a small plastic bag and stored at -80 °C for 24 
hours. This was done almost simultaneously. A negative sample was also prepared, 
filtrating pure media, no cells, onto a filter and treating it in the exact same manner as 
the rest of the samples. 
Figure 5.6.2a:  
Left; microscope used for counting. Middle top; Sedgewick counting champer. Middle bottom; picture 
taken through microscope of cell density around 300000 cells/ml. Right top; culturing of E. huxleyi cells. 
Right bottom; shredding filters and filtration of standards. 
 
 
5.6.2.1 Cell counting: 
The entire volume (more than 1 ml) of the lugol samples were loaded onto a Sedgewick 
rafter counting chamber which has an exact volume of 1 ml, see figure 5.6.2a. The 
chamber is marked with squares (20 x 50) to make the counting a bit easier. The top 
slide was carefully put on top the chamber in one side and slid to the side when closing 
to avoid air bubbles in the chamber, the intentional surplus of sample was gently wiped 
away before counting. 
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In order to achieve a counting result that was representable for the entire volume of the 
chamber, a various minimum amount of squares was counted accordingly; series 
number 1 = 70 squares and series number 2, 3, 4, 5 = 250 squares. A rule of thumb is to 
count until 250 cells are reached but this is not possible e.g. when the sample contains 
only 35 cells in total. The mean value of each triplicate count was plotted against the 
dilution factor in order to check if linearity was achieved, see figure 5.6.2.1a below.   
Figure 5.6.2.1a:  
Plot of the counted cell numbers versus the dilution factor. 
 
5.6.3 Extraction of DNA  
During the preliminary primer test, extractions for the positive controls were done using 
a preordered extraction kit (Powerplant Pro DNA Isolation Kit, 13400-50) from MO 
BIO Laboratories, Inc., which is regularly used in the laboratory of Niels Daugbjerg. 
The kit was used as the species DNA used in the comparison was extracted using the 
same method. Later on when extraction from filters were done, another method was 
used as described below. 
The filter extraction protocol is given in appendix IV. The filters containing the natural 
samples and the filters containing cultured cells were given similar treatments to the 
extent possible. Prior to the onset of the extraction procedure ¼ of the filters were 
shredded (basicly cut into smaller pieces with scissors) to increase the surface to volume 
ratio, then freeze/thaw treated (2 min at 65 °C then 2 min at -80 °C – repeated 3 times) 
and stored at -80 °C for 24 hours. The extraction method includes cell lysis by a CTAB- 
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lysis buffer BioChemica (preordered from AppliChem), specification is found in 
appendix IV. 
5.7 Quantitative PCR 
5.7.1 Sample preparation 
Each qPCR sample (each well in the PCR plate) had the basic composition of volumes 
as shown below in table 5.7.1a: 
Table 5.7.1a:  
The general volume composition of PCR sample. 
 
Template DNA Milli Q H2O Forward 
primer 
Reverse primer Master mix 
2 µl 13 µl 0.5 µl 0.5 µl 4 µl 
  
Before loading the PCR plate a stock mix of all reagents (except the DNA template) was 
prepared in order to ease loading and minimise pipetting error. The light sensitive 
mastermix (5x HOT FOREPol EvaGreen qPCR Mix Plus without ROX dye) 
containing; dye, MgCl2, DNA polymerase and nucleotides required for qPCR 
(preordered from Solis Biodyne) was only handled in the dark (switching of light sources 
from above the working area) and each solution was mixed on a Vortex immediately 
prior to every pipetting event. The forward and reverse primers used listed found in 
table 5.7.1b below. 
Table 5.7.1b:  
Names, ID numbers and sequence of the primers used, primer design by Niels Daugbjerg. 
 
Name Ehux-F Ehux-R 
ID no. 150204J1E02 150204J1F08 
DNA sequence 5’-GCG GCT TAA TTT GAC TCA 
A-3’ 
5’-GCT ATT TAG CAG GCT 
GC-3’ 
5.7.2 Preliminary primer tests 
Initially, when setting up the experimental plan, it was assumed that specific primers for 
E. huxleyi already existed or could be designed, thereby obtaining a very high specificity 
towards E. huxleyi cells in the qPCR analysis of the natural samples. However, while the 
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E. huxleyi genome is sequenced to some extent it has not yet been done so to the level of 
detail required to produce specific primers, according to Niels Daugbjerg who has spent 
days and nights trying to crack the code. The primers listed in table 5.7.1b above are 
designed by Niels Daugbjerg and is known to work on other members of the 
Prymnesiophyceae class, e.g. genus Prymnesium and genus Chrysochromulina and 
possibly some other unknown organisms. As primer testing on any organisms in the 
DNA library, likely found in the area of study, would be extremely time consuming, 
tests were done on Prymnesium and Chrysochromulina only.  
The cell concentrations for Prymnesium and Chrysochromulina was 100.000 and 
200.000 cells/ml respectively. The results of the qPCR run against E. huxleyi 
(CCMP371) with an approximate cell concentration of 277.000 cells/ml are shown in 
the results section. No Chrysochromulina specific primer was available, which is why 
there was done no negative control. 
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RESULTS 
 
The standard curves from AAS and qPCR are found in appendix I along with values for 
all parameters measured, and depth profiles showing salinity, temperature and 
chlorofyll for all stations. The relevant standard curves from AAS have already been 
discussed to some degreee. When looking through the depth profiles it is noticed that 
the practical salinity is largely unchanged through the water column and that the 
fluorescence maximum is positioned at the depth of the thermocline in all cases. 
Though it would have been interesting to examine the DNA samples from outside 
fluorescence maximum depths, the temperature and chlorofyll values might be an 
argument not to, while cell number values would likely be near zero. E. huxleyi has no 
motility and is likely to follow water movements, also the E. huxleyi strain CCMP371, 
which origins from nearby waters turned out to thrive best at 20 °C. 
Deviations between analytical methods atomic absorption spectroscopy and ion 
chromatography were relatively large. The percentage deviations were in the ranges; 
0.5-27.7% (average: 16%) for [Na+], 0.1-27.9% (average: 8.1%) for [K+], 0.9-25.5% 
(average: 9.0%) for [Ca2+] and 0.8-35.9% (average: 13.3%) for [Mg2+].  
Rough correlations were done between [CO2 (aq)](surface) (calculated from measurements 
of atmospheric pCO2) and [CO2 (aq)](10 m) (calculated from the concentrations of 
bicarbonate), see appendix V for calculations, the percentage deviations were in the 
range 4.1-11.2%, which seems reasonable as comparisons were done between calculated  
[CO2 (aq)] values from 10 m depths and calculated [CO2 (aq)] values of the surface. 
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Below in figure 6a is shown the raw qPCR graphs from the primer tests. They are 
included as they are the basis for discussing the specificity of the primers used. In this 
connection a start value is not needed, and no threshold was set, as cell concentrations 
were known from the beginning. 
Figure 6a:  
Eh + Eh; DNA from E. huxleyi cells (277.000 cells/ml) with the primer used for targeting E. huxleyi. P + P; 
DNA from Prymnesium cells (100.000 cells/ml) with a specific Prymnesium primer. P + Eh; DNA from 
Prymnesium cells (100.000 cells/ml) with the primer used for targeting E. huxleyi. Negative Eh; No DNA 
along with the E. huxleyi primer. Negative P; No DNA along with the Prymnesium primer. C + Eh; DNA 
from Chrysochromulina (200.000 cells/ml) with the E. huxleyi primer.   
 
It is seen that the E. huxleyi primers pick up well on DNA from the E. huxleyi cells, but 
also that they pick up to some degree on DNA from Prymnesium, though not as good as 
the primers, which are specific for Prymnesium. The E. huxleyi primers does not seem 
pick up at all on the DNA from Chrysochromulina. The two negative controls for 
Prymnesium begins to give rise to signals just before 40 cycles. This might be explained 
by, that around and after 40 heat cycles it is common to observed a signal, simply due to 
the annealing of the compounds in the reagents solution, even in the negatives. The 
Negative for the E. huxleyi primers does not exhibit a fluorescence signal above the 
threshold within 40 heat cycles. 
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In figure 6b below is shown the final qPCR run signal for all samples from the 
fluorescence maximum depths from all 13 stations aside with the standard triplicates 1 
to 4. Standard 4C fell outside and was removed in order to achieve a better standard 
curve, argument being that in standard triplicates 4, the cell concentrations were getting 
so low that an even distribution on the filter could no longer be assumed. In addition, 
the standard triplicates 5 gave no signal at all and were also excluded. The threshold 
value was set to 297 RFU units based on a visual assesment. 
Figure 6b:  
Shows the raw qPCR signals of natural samples from fluorescence maximum depths (samples 2, 5, 7, 10, 
12, 15, 17, 20, 23, 26, 29, 32, 35) from all 13 stations. Also the first four standard series triplicates (except 
4C) are shown. 
 
 
It is noticed that all the standard signals show as typically shaped PCR curves, also 
signals for samples; 5, 7, 10, 12 and 17 has the typically observed shape. The rest of the 
natural samples; 2, 15, 20, 23, 26, 29, 32, 35 exhibit a somehow atypical shape 
compared to the standard signals.  
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Figure 6c shows the total distribution of the ions measured in all samples together with 
the practical salinity and the absolute salinity (as the total mass fraction per liter, g/L).  
Figure 6c:  
Shows the total measured ion composition of all samples, numbers from IC. The largest variations 
numerically are in the cloride and sodium concentrations, which is also reflected by the line showing 
absolute salinity as a total mass fraction per liter (g/L) of the ions measured. Pratical salinity is based on 
conductivity and given in ‰. 
 
 
It shows that as the practical salinity (based on conductivity) stays relatively unchanged 
across the samples, the absolute salinity varies along with the concentrations of the ions, 
especially cloride and sodium. This is especially pronounced in the cases of samples 9 
(station 50 – 10m), 15 (station 55 – 132 m, FM), 16 (station 55 – 10 m), 23 (station 60 – 
135 m, FM), 26 (station 62 – 148 m, FM), 29 (station 63 – 115 m, FM) and 34 (station 
67 – 10 m). Three of which are samples from 10 meters and four of which are samples 
from the fluorescence maximum depths. 
Note that it is possible that variations in absolute salinity are in reality compensated for 
by higher concentrations of ions, which are not measured here. 
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In figure 6d is illustrated the variations in temperature, chlorofyll, number of E.huxleyi 
cells, [HCO3-] and [Ca2+] across the fluorescence maximum depths of all 13 stations.  
Figure 6d:  
Varying temperature, chlorofyll content, number of E. huxleyi cells and concentrations of calcium and 
bicarbonate (numbers from IC) across all 13 stations at the respective fluorescence maximum depths. Left 
scale; mol/L. Right scale; °C, μg chlorofyll per liter and cells per milliliter. 
 
 
 
No obvious patterns seems to be present. 
During initial exploration of data all inorganic parameters were plotted against cell 
quantity to look for any possible linear or exponential connections. Well aware that 13 
data points connecting the number of E. huxleyi cells with ion concentrations were in the 
low end, no plans were made to perform statistical analysis.  
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The parameters of those measured in this project, which were expected to influence the 
presence of E. huxleyi to the highest degree was [Ca2+], pH and [HCO3-]. Plots of these 
three parameters versus number of E. huxleyi cells are shown below in figures 6e-6h. 
Figure 6e:  
Linear plot of number of E. huxleyi cells as a function of [HCO3-] from titration. No strong tendency 
observed. 
 
 
Figure 6f:  
Linear plot of number of E. huxleyi cells as a function of pH. Indications of tendency observed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
y = -4E+07x + 314567
R² = 0,01162
0
100000
200000
300000
400000
500000
600000
0,0000 0,0005 0,0010 0,0015 0,0020 0,0025
Cells/L
mol/L
Bicarbonate/Ehux
y = 349989x - 3E+06
R² = 0,06048
0
100000
200000
300000
400000
500000
600000
7,4 7,5 7,6 7,7 7,8 7,9 8 8,1 8,2 8,3 8,4 8,5
Cells/L
pH
pH/Ehux
!! 51 
Figure 6g:  
Linear plot of number of E. huxleyi cells as a function of [Ca2+] from AAS. No strong tendency observed. 
 
 
 
Figure 6h:  
Linear plot of number of E. huxleyi cells as a function of [Ca2+] from IC. No strong tendency observed. 
 
 
 
It is observed that even if a small tendency is present in the case of calcium/E. huxleyi, it 
shifts directions when numbers from the other method of measurements are used. A 
clear sign that a tendency is not present and that the slopes of the lines might just be 
reflecting natural variation, variation between methods and/or variation between 
measurements.  
It was attempted to obtain data on the presence of predators from other participants on 
the cruise, but no data is available yet. 
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DISCUSSION 
 
As it is noted in appendix III, the local time of sampling varied a bit. Most samples were 
done during the night, but a few samples were spread out during the daytime hours. It 
would have been ideal to sample at the same time in all cases, as E. huxleyi divides 
approximately once every 24 hours, and uniformity in sampling time would add an 
extra degree of uniformity when comparing the samples. However this was simply not 
possible. On a research cruise many different interests are in play and distributing the 
water budget is just one of the logistic challenges.  
7.1 Ion concentrations measurements 
Firstly, a comment needs to be made on the relatively large variations between ion 
concentration values obtained from AAS and IC. The deviations are biggest in the cases 
of sodium and magnesium, averages 16% and 13.3% respectively. The explanation, in 
the case of magnesium might lie in the uncertainty of the AAS measurements. Note the 
curved standard calibration line. Also, a better result might have been achieved using a 
flame of higher temperature or by narrowing the slit width (see section 3.3.2). The 
measured concentrations of sodium from IC are generally higher than the values 
obtained from AAS. There is no immediate explanation for this tendency, except that 
the ionisation process during AAS might have been incomplete, but the natural samples 
were diluted 5000 times down to a very small concentration. Of course there might be 
dilution inaccuracies in both IS and AAS, and there could be some inaccuracies in the 
standard concentrations. Although all AAS standard curves, except magnesium, showed 
a high degree of linearity. Laboratory technicians prepared the standard solutions used 
in IC and there is no reason to doubt their precision. 
In the case of calcium, where AAS measurements might also benefit from a higher 
flame temperature, the deviation between methods reaches an average of only 9 %. 
This is probably due to the use of a calcium lamp in AAS, which adds specificity to the 
method. Generally though, it is up for discussion, which percentage deviation between 
methods should be accepted.  
With regard to IC the chromatographic efficiency was thought to be quite good. Sharp, 
non-broadened peaks (see section 3.2.3) were present for all ions measured. 
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Note that there was done no secondary-method measurements on cloride and 
bicarbonate, though rough correlations were done between [CO2](surface) (calculated 
from measurements of atmospheric pCO2) and [CO2](10 m) (calculated from the 
concentrations of bicarbonate). 
7.2 ISE 
In short the use of ion selective electrodes on seawater was not a success as 
measurements on the standard saline solutions gave very different results from day to 
day. This is likely explained by the interference of ions other than the target ion. As the 
response and the selectivity of the electrode depends on the activities of both the target 
ion and the interfering ion or ions in this case (see section 3.4.1). The selectivity constant 
is a rather complex variable (see equation 3.4.1a), and which determination method is 
more exact is still being discussed amongst experts. But it is a rather safe assumption 
that the high content of e.g. cloride and sodium ions in seawater complicates the use of 
ISE’s for measuring ions present in much lower concentrations such as ammonium and 
potassium.  
7.3 pH 
The interference of sodium ions can also be an issue when measuring pH, termed “the 
sodium error” or  “the alkaline error”. As it ususally occurs at pH>9 and increases with 
pH, no adjustments or characterisations of the electrode were made with regard to this 
possible error. 
Most of the other listed errors in measureing pH (see section 3.5) was evaluated prior to 
the present measurements, but as the focus was on variations in pH and not so much on 
exact pH values, no elaborate analysis of the electrode performances have been done. 
One important uncertainty should be elaborated. When calibrating in between samples, 
this was done using only one point (pH=10), despite recommendations to calibrate with 
at least two points. However, as mentioned, while the main interest was in pH variations 
and no big differences between values were expected, using one-poin calibrations were 
decided to be sufficient. 
As mentioned, most precautions were taken during measurements. The used standard 
solution (carbonate buffer) is listed amongst primary buffers in IUPAC’s 
recommendations with a reasonable stability, equlibration time was held an adequate 
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level, the electrode was kept hydrated in between measuremnents and the temperatures 
of the samples measured did not vary considerably. 
7.4 qPCR 
There are some uncertainties connected to the specific use of the method in this project, 
which need to be discussed. Firstly, the specificity both with regard to the primers and 
with regards to the use of dye to detect amplification. The primer specificity was sought 
evaluated by testing it on two other species, for which they were known or suspected to 
work (see figure 6a). The primers did not work on Chrysochromulina but they did wotk 
to some degree on Prymnesium where the signal came above the background level after 
35 cycles (100000 cells/ml). Although primer-pick up of Prymnesium might have been 
of some concern it was decided that the likelyhood of finding Prymnesium in the natural 
samples was small, as Prymnesium thrive best at lower salinities in near-coastal areas. 
There is of course still some uncertainty incorporated in the method as the absolute 
primer specificity towards E. huxleyi is not guaranteed, and the primers might have 
picked up on some other species DNA present in the samples that we were not aware of. 
The specificity connected with the use of dye to detect amplification is below the highest 
achievable in qPCR as it binds to all double stranded DNA. In most cases a tagman 
probe specific for the target DNA sequence would be used and thereby it is ensured that 
the fluorescence signal detected arise only from amplification of the target DNA. These 
probes however, are expensive and in this case it was not available due to the same 
issues connected with the primer specificity. The E. huxleyi genome has not yet been 
sequenced to the degree required for such probe designs to be done.  
Another aspect in the accuracy of the quantification of E. huxleyi is that both diploid and 
haploid cells exist, these probably contain similar DNA sequences in which case the 
primer will work on both cell types, however the amount of DNA in the haploid cells is 
half the DNA amount in the diploid cells. This means that equalising a certain Ct value 
with a certain cell number implies some unaccuracies, which cannot be assessed unless 
the method is based on genetic differences between the cell types. 
In some of the natural samples no RFU signal arises, which means that either there is no 
target cells in the sample, number of target cells is below the detection limit of the 
method or errors have occurred during the DNA extraction. The triplicates in the 
standard dilution series all show signals apart from the lowest concentrations 
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(approximately 25 cells/ml) and one of the triplicates from the second lowest cell 
concentration (approximately 325 cells/ml). It would have been optimal to run 
triplicates of the natural samples also, but this was not done for a few reasons. Saving 
DNA material for further analysis, expense of reagents and last it is customary just to 
run single samples of the natural material, as the standard curve triplicates are positives 
for the method.  
The fact that no signals arose for the lowest concentrations in the standard curve leads 
to the discussion of the lower detection limit of this method. qPCR can detect as much 
as a single cell given enough thermal cycles for the fluorescence to rise above the 
detection limit. However, in theory 25 cells/ml were expected for the lowest 
concentration but only ¼ of the filter was extracted and there is some probability that 
none of the 25 cells were on the ¼ which was used to extract from. This is one aspect, 
another is the irregular shape of the curves for samples; 2, 15, 20, 23, 26, 29, 32, 35, 
which might indicate some inhibition during amplification. As mentioned in section 
4.1.5, amongst others calcium ions and ethanol can act as inhibitors. In theory the 
irregular shaped signals might have come up earlier (after fewer cycles) had they not 
been inhibited. This also means that the zero-signals might not be zero-signals, but 
could be low signals delayed due to one or more inhibitors. Calcium ions should have 
been removed in the purification of the DNA, but they are mentioned as they constitute 
a large part of the elemental composition of E. huxleyi. A possible inhibitory effect of 
ethanol is more likely to have happened. In the last step during extraction, all the 90% 
ethanol is to be evaporated before adding water and as it is present in very small 
volumes it can be hard to see. It is noted though, that all samples were given at least 10-
20 minutes at 65 °C in this particular step in order to be on the safe side.  
 
7.5 Results 
 
Overall, based on the qualitative data analysis, there seems to be very small or no 
connection between the inorganic parameters and the number of E. huxleyi cells, based 
on the available data, and the variation in cell quantity might be due to other factors. 
Although in the case of pH there are indications of a connection where zero or low 
numbers of cells are present at pH<7.8. It is known that the coccoliths are very prone to 
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dissolution at pH below 7.8, which means that if there a pattern present, it would not be 
surprising as it is also known that decreasing pH becomes challenging to E. huxleyi in 
several ways (see section 4.1.5.4). 
The graph in figure 6d shows little or no variations in temperature, which leads to the 
assumption that neither the temperature is a decisive factor for the presence of E. huxleyi 
within fluorescence maximum depths. The calcium concentrations vary to some degree, 
but their relatively high levels in general might be proof that calcium is not likely to 
become a limiting factor for E. huxleyi either. In addition the two methods AAS and IC 
show different patterns when connecting to cell numbers. 
Regarding the two different concepts of salinity explored in this project, it is noted that 
while the absolute salinity might vary quite a lot (see figure 6c), the practical salinity 
stays relatively constant. Additionally the possibility that variations in absolute salinity 
are in reality compensated for by higher concentrations of ions, which are not measured 
here, needs to be mentioned. This might be ions arising from biological activity, 
especially in the case of the fluorescence maximum depths. 
 
In general it must be stressed that increasing the number of measurements in all cases 
would have been desired, had there been time, to obtain a higher degree of certainty. 
Also, in order to give more satisfying answers to the question of, which factors are 
mainly determing the presence of E. huxleyi in the North Atlantic Ocean, one would 
have to take into account all possible factors to assess the influence, alternatively set up a 
controlled labaratory experiment with varying chosen factors (numerous examples in 
section 4.1.5). Also, all in all, in order to make sense from a setup similar to the one in 
this project more data points would be required, in order to make sense out of looking at 
the ecology in single liters of water from a very big volume of water at specific times of 
year. Also, as pointed out in section 1.0.1 the importance of time-series experiments are 
backed up by valid arguments when the aim is to assess long-term effects in a natural 
environment. 
 
!! 57 
CONCLUSION 
 
 
Firstly, the use of ISE’s is not recommendable for measuring ion concentrations in 
seawater and relatively high deviations were present between methods AAS and IC used 
for ion concentration measurements.  
Culturing of E. huxleyi strain CCMP371 was rather simple, though they required 
addition of medium regularly, 20 °C, 16/8 hours light/dark cycles and L1 medium of 
25 ‰ resulted in very favorable growth conditions.  
Both the Powerplant Pro DNA Isolation Kit, 13400-50 and the CTAB DNA extraction 
method was used with success on E. huxleyi and qPCR could be done satisfactory for 11 
out of 12 standard samples and for all natural samples except for 2, 15, 20, 23, 26, 29, 
32 and 35, which might have been subject to some, undetermined, inhibition during 
amplification. Variations may occur in absolute salinity without affecting the 
conductivity based practical salinity, but it is noted that concentrations of all ions 
constituting absolute salinity was not determined. 
Lastly, main conclusion was that the presence of E. huxleyi in the North Atlantic is 
dependable on many variables, e.g. nutrients other than those measured here, currents, 
light, predation and viruses. However, there was indication of some dependance of pH, 
which was also expected to some degree, but crystal clear connections between the 
chosen ionic species and the presence of E. huxleyi could not be established on the basis 
of the available data material. 
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FUTURE PERSPECTIVES 
 
 
A number unknown factors in this project could be subjected to further analysis. Firstly, 
adding points to the calibration of the pH electrode for more precise measurements, 
examining electrode capacity further to see if the high concentrations of sodium in 
seawater give rise to occurrence of the alkaline error and to which degree if any at all. 
It would also be interesting to explore the difference between methods IS and AAS, and 
find the reasons behind the relatively big variations present in this project. 
In general it would be desirable to produce secondary measurements of the ions HCO3- 
and Cl-, to increase reliability of data along with secondary quantifications of E. huxleyi.  
Some improvements could be attempted in the method of quantifying E. huxleyi, firstly 
some trials could have been performed in order to decrease the possible PCR inhibition 
observed for some samples, secondly the primer testing could include more species in 
order to achieve a higher degree of certainty regarding the primer specificity, also 
melting curves could have been obtained in order to see if there was any artifacts 
present in amplification, and precautions could be taken. 
Obviously a future perspective would be to analyse the rest of the natural E. huxleyi 
samples to get at better idea of the prevalence of E. huxleyi outside the fluorescence 
maximum. If more biological data points were added to the dataset, a principal 
component analysis could be a possible statistical analytical method in order to find out 
if any parameter(s) outweighes the others with regards to specific cell numbers. It must 
also be added that while more data points would increase the amount of knowledge 
extractable from the data set, it is also possible that more information than the presented 
could have been extracted from the presently available data given more time.  
Regarding the definition of salinity, though assessment of the new method TEOS-10, 
based on thermodynamic properties of seawater works was beoynd the scope of this 
project, it would be interesting to examine further. 
 
Overall, the future perspectives of this project idea are many, excluding open ocean 
sampling, as this is not an opportunity that arises regularly. Such perspectives involves; 
increasing the number of data points, including more variables, and possibly adding a 
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long-term perspective by sampling stationary stations during a longer period of time, 
supplying with laboratory experiments involving control of specific factors, which in 
principle can be done with any of the factors. Also, explorations of the analytical side of 
the project, determining selectivity constants, spending more time increasing the quality 
and accuracy of data would be possible future perspectives. 
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APPENDIX II 
All parameters: 
 
Parameter [Na+] [Na+] % deviation [Cl-] [K+] [K+] % deviation 
Technique AAS IC [Na+] IC AAS IC [K+] 
Unit mol/L mol/L 
 
mol/L mol/L mol/L 
 
        Sample 
       
        1 0,454 0,509 11,9 0,591 0,0116 0,0108 7,0 
2 0,437 0,512 17,0 0,598 0,0116 0,0114 2,4 
3 0,441 0,508 15,3 0,598 0,0129 0,0113 12,4 
4 0,445 0,516 15,8 0,608 0,0127 0,0114 10,0 
5 0,445 0,519 16,8 0,617 0,0140 0,0114 18,5 
6 0,448 0,510 13,8 0,609 0,0135 0,0113 16,7 
7 0,440 0,518 17,6 0,618 0,0135 0,0114 15,2 
8 0,441 0,517 17,3 0,619 0,0138 0,0114 17,3 
9 0,432 0,468 8,3 0,565 0,0117 0,0103 11,9 
10 0,443 0,520 17,5 0,625 0,0118 0,0115 3,1 
11 0,433 0,520 20,1 0,627 0,0118 0,0115 2,9 
12 0,430 0,515 19,8 0,621 0,0117 0,0113 3,0 
13 0,438 0,518 18,3 0,624 0,0118 0,0114 3,6 
14 0,438 0,527 20,2 0,637 0,0123 0,0116 5,5 
15 0,428 0,378 11,6 0,465 0,0117 0,0084 27,9 
16 0,438 0,451 2,8 0,551 0,0119 0,0099 16,6 
17 0,441 0,531 20,4 0,643 0,0119 0,0117 1,7 
18 0,502 0,525 4,7 0,638 0,0116 0,0116 0,1 
19 0,434 0,530 22,0 0,643 0,0122 0,0117 4,6 
20 0,547 0,544 0,5 0,659 0,0123 0,0120 2,4 
21 0,429 0,517 20,5 0,630 0,0118 0,0114 3,2 
22 0,438 0,531 21,5 0,647 0,0119 0,0117 1,8 
23 0,444 0,464 4,6 0,568 0,0120 0,0102 14,8 
24 0,427 0,525 23,0 0,641 0,0118 0,0115 2,6 
25 0,442 0,536 21,2 0,653 0,0120 0,0118 1,5 
26 0,433 0,426 1,4 0,526 0,0119 0,0093 21,2 
27 0,426 0,538 26,5 0,654 0,0118 0,0117 0,2 
28 0,435 0,529 21,8 0,645 0,0118 0,0116 2,0 
29 0,423 0,427 0,8 0,525 0,0118 0,0093 21,1 
30 0,407 0,512 26,0 0,628 0,0117 0,0112 4,5 
31 0,425 0,525 23,5 0,642 0,0118 0,0115 2,7 
32 0,424 0,527 24,3 0,643 0,0117 0,0115 1,9 
33 0,417 0,507 21,7 0,622 0,0118 0,0111 5,4 
34 0,420 0,449 6,8 0,555 0,0119 0,0098 17,3 
35 0,425 0,542 27,7 0,662 0,0120 0,0119 0,9 
 
 
Parameter [Ca2+] [Ca2+] % deviation [Mg2+] [Mg2+] % deviation 
Technique AAS IC [Ca2+] AAS IC [Mg2+] 
Unit mol/L mol/L 
 
mol/L mol/L 
 
       Sample 
      
       1 0,0058 0,0073 25,5 0,035 0,0287 17,1 
2 0,0059 0,0065 10,0 0,035 0,0287 17,5 
3 0,0059 0,0065 8,9 0,035 0,0284 18,0 
4 0,0060 0,0066 10,1 0,035 0,0289 16,6 
5 0,0060 0,0064 6,6 0,035 0,0293 17,3 
6 0,0059 0,0063 6,0 0,035 0,0288 16,7 
7 0,0059 0,0064 8,0 0,036 0,0292 18,1 
8 0,0060 0,0064 6,3 0,034 0,0291 13,5 
9 0,0059 0,0060 0,9 0,035 0,0262 24,1 
10 0,0059 0,0064 8,7 0,034 0,0293 13,8 
11 0,0059 0,0064 8,9 0,034 0,0293 13,1 
12 0,0058 0,0063 8,6 0,032 0,0290 10,3 
13 0,0059 0,0064 7,6 0,032 0,0291 9,9 
14 0,0059 0,0065 9,9 0,033 0,0297 9,6 
15 0,0058 0,0048 17,5 0,033 0,0211 35,9 
16 0,0059 0,0057 2,7 0,035 0,0252 27,3 
17 0,0059 0,0065 11,2 0,034 0,0299 11,0 
18 0,0059 0,0065 9,3 0,035 0,0296 15,5 
19 0,0060 0,0065 9,6 0,033 0,0299 10,0 
20 0,0059 0,0067 13,1 0,035 0,0306 12,5 
21 0,0059 0,0064 8,4 0,034 0,0292 13,3 
22 0,0059 0,0065 10,9 0,033 0,0300 10,0 
23 0,0059 0,0057 3,0 0,033 0,0262 20,1 
24 0,0059 0,0065 8,9 0,032 0,0296 8,3 
25 0,0058 0,0066 12,9 0,033 0,0302 7,0 
26 0,0060 0,0052 11,9 0,031 0,0240 21,4 
27 0,0060 0,0066 9,5 0,031 0,0302 4,0 
28 0,0060 0,0065 8,0 0,027 0,0297 10,1 
29 0,0061 0,0052 14,3 0,029 0,0239 16,7 
30 0,0060 0,0063 4,9 0,029 0,0288 2,2 
31 0,0061 0,0064 6,3 0,030 0,0295 0,8 
32 0,0060 0,0065 8,5 0,029 0,0296 2,6 
33 0,0061 0,0062 2,1 0,029 0,0286 1,3 
34 0,0061 0,0055 9,1 0,030 0,0253 14,6 
35 0,0061 0,0066 8,5 0,029 0,0305 5,7 
 
 
 
 
Parameter 
 
[HCO3-] 
 
[CO32-] 
 
[H2CO3] 
 
[CO2(aq)] 
 
DIC 
 
Carbonate 
alkalinity 
Technique 
 
T 
 
Calc from 
[HCO3-] 
Calc from 
[HCO3-] 
Calc from 
[HCO3-] 
Calc 
 
Calc 
 
Unit mol/L mol/L mol/L mol/L mol/L mol/L 
       Sample 
      
       1 2,06E-03 1,16E-05 2,02E-08 1,68E-05 2,09E-03 2,08E-03 
2 2,30E-03 1,18E-05 2,48E-08 2,07E-05 2,34E-03 2,33E-03 
3 2,06E-03 1,06E-05 2,22E-08 1,85E-05 2,09E-03 2,08E-03 
4 1,79E-03 1,36E-05 1,30E-08 1,08E-05 1,81E-03 1,81E-03 
5 1,73E-03 1,17E-05 1,41E-08 1,18E-05 1,75E-03 1,75E-03 
6 1,72E-03 9,26E-06 1,77E-08 1,48E-05 1,75E-03 1,74E-03 
7 1,70E-03 9,32E-06 1,70E-08 1,42E-05 1,72E-03 1,71E-03 
8 9,72E-04 1,22E-05 4,26E-09 3,55E-06 9,88E-04 9,96E-04 
9 1,31E-03 6,88E-06 1,38E-08 1,15E-05 1,33E-03 1,33E-03 
10 3,88E-04 1,86E-06 4,47E-09 3,73E-06 3,94E-04 3,92E-04 
11 1,38E-03 7,56E-06 1,38E-08 1,15E-05 1,39E-03 1,39E-03 
12 8,32E-04 4,57E-06 8,36E-09 6,96E-06 8,43E-04 8,41E-04 
13 1,77E-03 9,71E-06 1,78E-08 1,48E-05 1,79E-03 1,79E-03 
14 1,45E-03 8,95E-06 1,30E-08 1,08E-05 1,47E-03 1,47E-03 
15 1,28E-03 7,74E-06 1,18E-08 9,80E-06 1,30E-03 1,30E-03 
16 2,11E-03 1,68E-05 1,47E-08 1,22E-05 2,14E-03 2,15E-03 
17 1,40E-03 8,63E-06 1,25E-08 1,04E-05 1,42E-03 1,42E-03 
18 1,50E-03 9,91E-06 1,25E-08 1,04E-05 1,52E-03 1,52E-03 
19 5,72E-04 9,71E-07 1,86E-08 1,55E-05 5,88E-04 5,74E-04 
20 1,21E-03 2,58E-06 3,12E-08 2,60E-05 1,24E-03 1,21E-03 
21 1,35E-03 2,52E-06 4,01E-08 3,34E-05 1,39E-03 1,36E-03 
22 1,38E-03 5,37E-06 1,96E-08 1,63E-05 1,40E-03 1,39E-03 
23 8,72E-04 3,24E-06 1,30E-08 1,08E-05 8,86E-04 8,78E-04 
24 1,49E-03 5,92E-06 2,06E-08 1,72E-05 1,51E-03 1,50E-03 
25 1,17E-03 4,14E-06 1,82E-08 1,51E-05 1,19E-03 1,18E-03 
26 4,20E-04 1,49E-06 6,53E-09 5,44E-06 4,27E-04 4,23E-04 
27 1,52E-03 4,90E-06 2,59E-08 2,15E-05 1,54E-03 1,53E-03 
28 1,80E-03 9,68E-06 1,85E-08 1,54E-05 1,83E-03 1,82E-03 
29 2,32E-04 1,27E-06 2,33E-09 1,94E-06 2,35E-04 2,35E-04 
30 1,21E-03 6,66E-06 1,22E-08 1,01E-05 1,23E-03 1,23E-03 
31 8,96E-04 2,52E-06 1,75E-08 1,46E-05 9,13E-04 9,01E-04 
32 1,09E-03 3,22E-06 2,04E-08 1,70E-05 1,11E-03 1,10E-03 
33 3,00E-04 8,45E-07 5,87E-09 4,90E-06 3,06E-04 3,02E-04 
34 1,03E-03 3,25E-06 1,79E-08 1,50E-05 1,05E-03 1,03E-03 
35 1,28E-03 4,25E-06 2,14E-08 1,78E-05 1,31E-03 1,29E-03 
       
 
 
      
  
Parameter 
 
[SO32-] 
 
pH 
 
Number of 
EHUX cells 
Practical 
salinity 
Absolute salinity 
 
Technique IC pH meter qPCR 
 
IC/T IC/AAS/T 
Unit mol/L 
 
cells/L ‰ g/L g/L 
       Sample 
      
       1 0,015 8,05 
 
36,76 35,60 33,93 
2 0,015 8,01 9979 36,74 35,96 33,85 
3 0,015 8,01 
 
36,68 35,82 33,93 
4 0,015 8,18 
 
36,73 36,41 34,42 
5 0,015 8,13 415126 36,81 36,82 34,79 
6 0,015 8,03 
 
36,83 36,28 34,53 
7 0,015 8,04 394233 36,84 36,82 34,71 
8 0,015 8,4 
 
36,63 36,79 34,70 
9 0,014 8,02 
 
36,73 33,51 32,40 
10 0,016 7,98 381905 36,83 37,06 34,86 
11 0,016 8,04 
 
36,84 37,19 34,76 
12 0,016 8,04 322607 36,63 36,80 34,41 
13 0,016 8,04 
 
36,57 37,05 34,77 
14 0,016 8,09 
 
37,01 37,74 35,27 
15 0,011 8,08 68774 36,79 27,37 28,45 
16 0,014 8,2 
 
37,11 32,55 32,04 
17 0,016 8,09 539536 36,73 38,07 35,55 
18 0,016 8,12 
 
36,56 37,77 36,79 
19 0,016 7,53 
 
37,22 38,01 35,37 
20 0,017 7,63 0 37,11 39,00 38,61 
21 0,016 7,57 
 
36,68 37,25 34,80 
22 0,016 7,89 
 
37,25 38,25 35,63 
23 0,014 7,87 519955 36,83 33,49 32,74 
24 0,016 7,9 
 
36,76 37,85 35,14 
25 0,016 7,85 
 
37,26 38,56 35,93 
26 0,013 7,85 462740 37,07 30,90 30,83 
27 0,016 7,81 
 
36,6 38,67 35,59 
28 0,016 8,03 
 
36,83 38,15 35,44 
29 0,013 8,04 0 36,59 30,85 30,55 
30 0,016 8,04 
 
36,55 37,01 34,12 
31 0,016 7,75 
 
36,85 37,85 35,07 
32 0,016 7,77 42631 36,62 37,94 35,08 
33 0,016 7,75 
 
36,54 36,61 34,09 
34 0,014 7,8 
 
37,05 32,58 31,65 
35 0,017 7,82 363068 36,8 39,08 35,85 
        
APPENDIX III 
 !
Date UTC LT Latitude Longitude  Station no. Sample no. Depth  
09/04/14 04.00 02.04 27.30.119N 59.30.127W 42 1 10 m 
      
2 125 m (FM) 
      
3 150 m 
10/04/14 06.53 03.53 26.08.814N 59.28.259W 45 4 10 m 
      
5 130 m (FM) 
11/04/14 02.44 00.44 26.29.821N 57.00.101W 47 6 10 m 
      
7 140 m (FM) 
      
8 200 m 
11/04/14 22.51 20.51 27.47.837N 56.59.966W 50 9 10 m 
      
10 115 m (FM) 
13/04/14 09.34 07.34 28.29.805N 53.29.589W 53 11 10 m 
      
12 125 m (FM) 
      
13 150 m 
13/04/14 21.50 19.50 27.50.176N 53.30.048W 55 14 10 m 
      
15 132 m (FM) 
14/04/14 17.47 15.47 26.50.217N 51.44.949W 57 16 10 m 
      
17 150 m (FM) 
      
18 200 m  
15/04/14 04.26 02.26 26.19.873N 50.00.637W 58 19 10 m 
      
20 150 m (FM) 
      
21 200 m 
15/04/14 22.00 20.00 27.19.986N 50.00.294W 60 22 10 m 
      
23 135 m (FM) 
      
24 150 m 
17/04/14 02.09 01.09 28.06.113N 47.20.170W 62 25 10 m 
      
26 148 m (FM) 
      
27 200 m  
17/04/14 21.04 20.04 28.29.216N 43.59.394W 63 28 10 m 
      
29 115 m (FM) 
      
30 150 m 
18/04/14 02.47 01.47 28.59.916N 43.59.586W 64 31 10 m 
      
32 110 m (FM) 
      
33 150 m 
19/04/14 12.20 11.20 30.30.250N 40.50.323W 67 34 10 m 
      
35 148 m (FM) !
25/01/15 21.29Scandinavian Culture Collection for Algae & Protozoa: L1 & L1-M
Side 1 af 2http://www.sccap.dk/media/marine/2.asp
L1 (L1-Si, L1-Si+NH4)
(Guillard & Hargraves 1993, Nina Lundholm pers. com.)
The L1-medium is a modification of the f/2 medium. The difference is a broader
trace metal composition in L1. We use it as standard medium for marine diatoms.
The L1-trace metal solution is used also in many other media.
Our L1-medium is based on 30 ‰ filtered seawater if nothing else is noted.
Otherwise the figure following the letters indicates the salinity of the seawater used
(e.g. L1-20 = is based on 20 ‰ filtered seawater).
1. Stock solutions for major elements
NaNO3 7.5 g/100 mL
NaH2PO4•H2O 0.5 g/100 mL
Na2SiO3•9 H2O* 3.0 g/100 mL
* Na2SiO3 = di-Sodium-metasilicate.
2. Primary stock solutions for trace elements
MnCl2•4 H2O 18.0 g/100 mL
ZnSO4•7 H2O 2.2 g/100 mL
CoCl2•6 H2O 1.0 g/100 mL
CuSO4•5 H2O 0.245 g/100 mL
Na2MoO4•2 H2O 1.99 g/100 mL
H2SeO3 0.13 g/100 mL
NiSO4•6 H2O 0.27 g/100 mL
Na3VO4 0.184 g/100 mL
K2CrO4 0.194 g/100 mL
3. Trace metal working stock solution
1) Dissolve 4.36 g Na2EDTA • 2H2O and 3.15 g FeCl3 6 H2O in ca. 900 mL H2O in a
1000-mL volumetric flask.
2) Add 1 mL of each trace metal primary stock solution. 
3) Bring to 1000 mL with H2O.
4) Autoclave
4. Vitamin stock solution
Biotin 0.01 g/100 mL
Cyanocobalamine (B12) 0.1 g/100 mL
Note: Vitamin B12 and Biotin are obtained in a crystalline form. When preparing the
Vitamin B12 Stock Solution allow for approximately 11% water of crystallization (For
each 1.0 mg of Vitamin B12 add 0.89 ml dH2O). When preparing the Biotin Stock
Solution allow for approximately 4% water of crystallization (For each 1.0 mg of
Biotin add 9.6 ml dH2O). 
Keep the vitamin solutions frozen. Bottles of polyethylene are recommended for
storage of vitamins. 
5. Vitamin working stock solution
  Cookie- og privatlivspolitik         DANSK
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1) Dissolve 20 mg Thiamine HCl (Vitamin B1) in ca. 80 mL dH2O in a 100 mL
volumetric flask.
2) Add 1 mL of the biotin primary stock solution.
3) Add 0.1 mL of the cyanocobalamin primary stock solution.
4) Fill with dH2O to 100 mL.
The vitamin working stock solution is divided into to 10-mL lots in polyethylene vials
and kept frozen until use. 
6. Final preparation of L-medium
Add to 1 liter seawater:
1.0 mL NaNO3 stock solution.
1.0 mL NaH2PO4•H2O stock solution.
1.0 mL Na2SiO3•9 H2O stock solution. (For diatoms and silicoflagellates only.
Otherwise leave out).
1.0 mL Trace metal working stock solution.
0.5 mL Vitamin working stock solution.
Autoclave medium
L1-Si
L1 medium without Na2SiO3•9 H2O. Is preferred for organisms without silicate
requirement because of less precipitation.
L1-Si+NH4
Add 1 mL 500 mM NH4Cl2 to L1-Si medium and autoclave. 
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APPENDIX IV 
 
 
DNA extraction protocol 
Adapted from Nikolaj Sørensen with some minor adjustments made. 
 
Chemicals 
 
CTAB solution 
2-mercaptoethanol (CTAB mix, 500 µL CTAB + 5 µL 2-mercaptoethanol per 
sample+1. Shelf life 2-3 days, one article said 24 hours) 
Chloroform 
Isoamylalcohol (Chloroform-mix 24:1 chloroform to isoamylalcohol: 1000 
µL per sample + 1) 
 
Isopropanol  (2/3 of sample volume per sample) 
70 % ethanol (500 µL per sample + 1)  
Na-acetate  (50 µL 3 M per sample + 1) 
96 % alcohol  (1000 µL per sample + 1) 
 
Notes: Isopropanol must be used while cold. Remember to make negative control. 
Chloroform waste goes into waste bottle. 
  
Make CTAB-buffer: Mix 500 µL CTAB with 5 µL 2-mercaptoethanol per sample+1 
under hood and cover tube with aluminium foil (2-mercaptoethanol is light sensitive). 
Shelf life of this buffer is only 2-3 days. 
 
Make chloroform-mix: Mix 24:1 chloroform to isoamylalcohol under hood and wrap 
bottle in aluminium foil. 1000 µL is needed per sample. 
 
1. Add 500 µL CTAB-buffer to sample, making sure filter is covered with CTAB-
buffer.  
 
2. Put sample in oven at 65 °C for 30 minutes. Vortex every 15 min. 
 
3. Put back in freezer at -80 °C for minimum 30 minutes. Can be left overnight. 
 
4. Put in oven 65 °C for 45 minutes. Vortex at 15 and 30 minutes . 
 
5. Add 500 µL chloroform-mix. DO NOT SHAKE SAMPLE JUST PRIOR TO 
THIS. Wait 10 min while vortexing twice and shaking regularly. 
 
6. Centrifuge at 16000 g for 10 min at 4 °C. This will make an organic 
(chloroform) and a water (CTAB) phase. Organic matter will be in the organic 
phase and the DNA in the water phase. 
 
7. Transfer supernatant to new tubes. Try to avoid transferring any chloroform. 
 
8. Repeat step 5 and 6. 
 
9. Transfer supernatant to new tubes. Be very careful to avoid transferring any 
chloroform. If chloroform is transferred, centrifuge again. 
 
10. Add 2/3 of the samples volume of isopropanol (remember, isopropanol must be 
kept cold in the freezer). The volume of sample can be determined using 
pipettes. 
 
11. Flip samples gently to mix. 
 
12. Put samples in freezer at -20 °C for a minimum of 30 min. Can be left overnight. 
 
13. Centrifuge at 16000 g for 10 min at 4 °C. 
 
14. Pipette up supernatant and discard in sink. 
 
15. Add 500 µL 70% ethanol and 50 µL 3 M Na-acetate. Flip samples gently to mix. 
 
16. Centrifuge at 16000 g for 10 minutes at 4 °C. 
 
17. Pipette up supernatant and discard in sink.  
 
18. Add 1000 µL 96% ethanol. Flip samples gently to mix. 
 
19. Centrifuge at 16000 g for 10 minutes at 4 °C. 
 
20. Pipette up supernatant and discard in sink. 
  
21. Put tubes open in oven at 65 °C for ~2 minutes to evaporate ethanol. Tap side 
of tube to see if all ethanol has evaporated. 
 
22. Add 30 µL of Milli-Q water directly to the bottom and tap to mix. Let tube 
stand at room temperature for 1 h before storing at -80 °C. 
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CTAB -  Lysis buffer BioChemica   A4150
Synonym CTAB extraction solution, Lysis buffer with CTAB 
state of matter Liquid 
HS-No.: 38220000 
Storage: RT 
WGK: 2 
Specification  
pH (20°C) 8.0 ± 0.1 
Composition:  
CTAB 20.00 g/L (2 % w/v) 
EDTA · Na2 · 2H2O 7.44 g/L (20 mM) 
Sodium chloride 81.82 g/L (1.4 M) 
Tris ultrapure 12.11 g/L (100 mM) 
Literature
     (1)     Ausubel, F.A., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G., Smith, J.A. & Struhl, K. (eds.) (2001) 
Current Protocols in Molecular Biology. Page 2.3.5 (Suppl. 45) Greene Publishing & Wiley-Interscience, New York.
Comment
     The cationic detergent cetyltrimethylammonium bromide (CTAB) is used to liberate and complex with total
cellular nucleic acids. CTAB forms an insoluble complex with nucleic acids when the initial NaCl concentration is
lowered to ~0.5 M. Polysaccharides, phenolic compounds and other enzyme-inhibiting contaminats found in plant
cells are efficiently removed in the supernatant because most do not precipitate under these conditions (1).
APPENDIX V 
 
Calculations 
Concentrations of dissolved inorganic carbon species 
 
First we consider the equilibrium, K value from Orlov (1992): 
 
 
 
On which the calculations of [CO32-] are based on as follows. 
 
 
 
Next we consider the equilibrium, K value from Soli & Byrne (2002): 
 
 
 
This leads to the following expression, which is solved for all samples: 
 
 
 
Next we look at the following equilibrium, K value from Soli & Byrne (2002),  
 
 
Equilibrium constants for the equilibrium above normally fall within quite a big range 
and while the K value is directly expressed as a ratio of dehydration and hydration rate 
constants (kD and kH) as shown below, accurate measurements of these rate constants 
are central [Soli & Byrne, 2002].  
 
The rate constants given by Soli & Byrne (2002) are determined at an ionic strength 
near that of seawater and the K value above is calculated as the ratio between the two. 
 
DIC (dissolved inorganic carbon then equals: 
 
Comparison of [CO2 (aq)] values from samples of 10 m depth with 
atmospheric pCO2 measurements 
To obtain [CO2 (aq)] values for comparison with the values above, now a “forward” 
conversion between the pCO2 separate measurements and the amount of CO2 dissolved 
in the surface water. The relation between atmospheric pCO2 (gas) and CO2 (aq) dissolved 
in water is determined by Henry’s law, KH from Sander (1999): 
 
First, in order to convert ppm, which equals number of CO2 molecules per million air 
molecules, to atm used in the ideal gas law, we need to know the volume of 1000000 air 
molecules. 
 
The volume of 1000000 molecules of air depends on the air pressure and the 
temperature as it is given in the ideal gas law: 
 
Air temperatures and pressures are variable and the values for each location are inserted 
in the equation above and used below. 
The number of moles of CO2 is calculated using Avogadro’s number: 
 
Next the pCO2 values given in ppm are converted to atm again using the ideal gas law 
and the specific volumes from the calculation above. 
 
1 bar equals 1.01325 atm, and the resulting value from above is divided with this value 
to get the pressure in atm for use in Henry’s law. 
 
Calibrations were done comparing the two different calculated values of [CO2 (aq)], 
which showed percentage deviations in the range of 4.13-10.77 %. It should be noted 
however that the values for [CO2 (aq)] which are “bicarbonate-based”, are true for a 
depth of 10 meters. Which can explain the relatively high % deviations, along with 
uncertainty between methods. 
Calculations of absolute salinity based on actual ion concentrations 
In this case absolute salinity was calculated for illustration by adding the actual 
concentrations of the measured ions (given in table XXX) in ppm and dividing by a 
factor 1000. 
 
 
 
 
